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(54) PIEZOELECTRIC ELEMENT STRUCTURE AND LIQUID EJECTION RECORDING HEAD 
AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a liquid ejection 
recording head having elongated liquid ejection ports 
formed at a high density and its manufacturing method, 
in which micromachining generally employed in 
semiconductor process can be carried out by employing 
a thin piezoelectric film or a thin film diaphragm 
constituting a piezoelectric element. 
SOLUTION: A liquid ejection recording head comprises 
liquid ejection ports 2, pressure chambers 3, and a 
piezoelectric oscillating section 10 comprising a 
piezoelectric film 9 having Pb, Ti and Zr and electrodes 
7, 8 provided on the opposite sides thereof. The 
piezoelectric film 9 comprises first and second layers 11, 
1 2 having perovskite structure formed to abut each 
other, wherein the first layer is a PbTi03 or PLT layer 
containing no Zr or the content of Zr is relatively lower 
than that in a PZT second layer 12. Filming temperature 
is set at 500° C or above and single orientation crystal 

or single crystal PZT is formed through quenching at a * 
rate of 30° C/min or above until the temperature is lowered down to at least 450° 
filming temperature. 
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IMtk^St] «q£fcHP 2 *JE*£3 Pb. Ti*5 
7, 8A»f)4SEtHli»10i:m, EWl9tt, 

9, SlIll^Z rfe«4V>PbT i o 3 £fcfctp 
LT, *>5V^iZ r ^tt^S2g 1 20Z r <D^W 
filCJttRLT^fc^B^ U $2gl2$:PZTi:L 
X, fifcRBS^ififfS: 5 0 OtJEJLLi U fiKKtOSS^ 
1 1>4 5 OX^-COlHS: 3 Ot^/m i n £JLktf> 

»JS*PZT«r»«t5. 
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»K^fi8l*^ta»^e>^ft< bh4 5 0 < C*t?^KI*:3 

6 J P £ Ifttttiitti P ic&R $ *ifcJE*J 

~eft*K ffrismi^^^^- , >^^ ; fi"S^H«rls^2 
(ommm^^mm^ 5 0 o^cj^Ltt u w«m^<o 

fflffd>&4>fc< H45 O^^XCOFbI^S O^/m i n 

7 ] SfcfcfcH P kKJKftfcffl P IdSJBE^tiTtJE^ 



(2) W2 0 0 2-9 3 5 8 

2 

«nas«: m p a* e> iss?s *■ ttta $ ^ s a£#Re * 

B$<£>mS^<bd>ft< £t>4 5 QK,^X<DWl*:?> Ot/m 
10 i n«JiOftaJjfS-C^?ftaibX^$tLTV>6C:^ 

[IS** 8 ] ffllE^ 2 A ld*5lt S^/Vr:^/^ 
VJt^, 3 0/7 0^l±7 0/3 OJEJlTt-^$nXV^ 
-T 5 L 7 <DV 1 «tw 

1 0 ] tftlEff WKdS (10 0) ^^lcgaf6] b 

20 r^$ttxv^sck^#a^-r-5is*«5^v>L9^ 

[Bl**l 1] MEW^ (111) ^l-gfiffi] 
Jc|B«(0««:«#tlB»^s/ K 0 

[M^^ 1 2 ] sfrejEma^, 1 0 » m ht^* $ 
^^nxvN^if^s^v^ui Kov^tt^i^iciE 

*^*f*:»#tlBft^y Ko 

1 3 ] SMBiEEWBtas, 1 v m£X± 4 m mi^T 
30 0^$(C^$ttTV>6m^5^VNbl lWlW^ 
1 ^lw|a«0?S#:ifi«|B®— y Ko 

1 4 ] mIISffim^^>^ li^30n m£A Jb 1 

0 o nm£iT<om$\zj&i&£tix^z>m&mi 

1 3|5tt^fiS(***rfE»^s/ Ko 

im&m i 5 ] iift!Ej£®«»»as£ ^icshs^Mx. 
40 v-y^. isv =*i/mkV0s mft^mm. y 

5fB*W»fr*l*««a^y Ko 

7] fifteSIMKa** ffi**Sr«fi(l't-6*i*: 

^$tbXVN5car^^m^*t6«^l 5flB*^ffi»« 
MIBft-^y Ko 

i s ] mimmmm- ^*b? amr-lic 

50 tcm#mi 5B«(^iS#tSiBft^y K 0 
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[ss*jg 2 o i mBffimtt<DW«fctatt e>ttfc««JB 

^fig£jftXi>6C £ ft#» 5 fti^ LI 9co 

fJI5/E«JK^MWJ«-K»t btiitmm<0 5 < £ 

5;i£ftW«£^Sf8#^5fci>L2 oto^iTfi^l^ 

[1**9(2 3] «nBE«SttAM:H *«>»sa»^JEA 20 

abasia fc* ^^^J^^^^$•f i ^-^ES«^$t^rv^^ 

C£ft4*#£i-5«#9I5*I^L2 2^^tij5>l*l- 

SMEW p»tSCJ;5 KBtf- fcixrt:JE««»i» £ ftHx. 
■fclRia J: XSis RiBa±fclS*3 

-SBRt-. *<o»BBe«l»<0«**:5 0 OTCBLhi: U U 
a»fcBB^riW^a***&**< H45 ot^-com 
ft 3 Ot/m i n«±fiO?ftfiI«*-eilMiPt5 C £ t- 
J: 5. «IEIllii2l«ttfff«l»*t6li 

a P dS^fiK S / Xyv^ h ft#fr-f 5^18 £ 

[»**2 5] JKgtfflp tKttetaiP n^o 
—sunn p $ nfcffi * ft*"** a***!* 1 , 
men p <*«t 5 icRrt- btitiizmfemi® kzmz. 
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tf*-#vfc*rart^n:/;*#>r h«3&ft#-*-6B2JIft 

»rtt6Bfc, ^^iiM^iassrsoom^ 

U U^t»B»rt*©«K35*fe*ft<i:t>4 6 01C* 
jffiEB l M k B 2 fl ft* tfffiTO 1 k 1 fc, 

flfriax^sts± ( wfltiiE/Em^ ft #^ * jEmsftSB ft 

-r^Xgi:. WlB*#tt^«JiaHP«BO«ia«t«f1Bffi 

bibim" ©fliaa t *mm#\ ft h v vr i^ra $ ^xs^ 
t5ig^r> »&«^«nE*»a6«ft**-r*xai:ft 
«nEEEB«»*Bft»*-*-«xaic*5v^x. asesB 

lBft^/V3 = jrAft**ftv>J;5lc fltJIBlg 

fS'tzzb&w&t-fz mt£mfrt&m~> y fobs;* 

feo 

[f»#Jf[2 6] ncffil, f 21, «BHK*IJ: tm 
ffift^x, V y^fcttCVDife^wftfBifel: 

J: 9 SC^tWHit S 2 5 lB«c<oi£#:Pg 

[«*«2 7] «**2 etCjSI**:*'*?* y ^ft 

W1B«tEft*B fc ffi»<o»Bft ftffl v ^^^^{cj: 19 
Bft*Urt«ftffiABi:r6CfcftW«i-rsill*3B2 4 

m&m 2 9 1 miBS*sft^ yiw»«**:»*iMb 

^ U ^Sifcft^X^s^^l-J: t)^**r-6C^ft 

[0 0 0 1] 

[^IB^coM-r^ftW^SF] *3SMW:. >f^^y his 
«3fiB8-«[ffi*tt-6ae(*:«a*«»^y K*3±t/*©BJS 

[0 0 0 2] 

[^*o^*] ^y=iWj:^HJ»JiSB4:UX>f 

#S:LXV>-5 0 KIE»iSBl-«. SR^ 

j;ot^^ ^cofSS^* t^f&ft%£ * 

^^siwjzsffiABicjioisBftetffiS-ftat 
co J: 5 ft«»^J:»ffi*Bft3PJfll bXttBftetm*^: 

[0 0 0 3] — /Em^T-ft^V^fc^^fi. fflx. 
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vmmzm^^xmM&mtexxfmmw^zm^Li-z 

[0 0 0 4] 

m^fojEm^n. Pbo, z r o 2 & xxfr i o 2 <r> 
*&^^rv— h^tc^^nxufcm. mf&-rz>zk\c±y 
mf&Tz>ijmmm£tix\,>fzzkt)>b. jEmm&Mx. 
tf i o um^r\m<mm.'t^zkt>mmxhotc 0 ^ 
(o±?\^ j£mm&&m^Mj:irz>zkfcmmxib*). 
mmm**>bmkrz>^k&mmxh<>t^ &ft. z<n 
x b ^mjfc&m&-t z>zk\z£vwff&t$ h^/ehsiii. 

ztitLfemMte. io/i mj^T^^6 km&mzvtmts 

[0005] £<btcj^ Cftb^^- MS. 100 

(D±\^m^mi& L>x%m<D&\, ^ ^ ^ * ^ * fc 
x> x\^Mi-xn&(Di*fabvmfrtb*) . ^tfkxn 

2 0 M m^(5g#T^ 9 . &m<Dmv±th P X/W) £gfi 

[0 0 0 6] £/c, */^*&£ffil>fc^ft:/nir;* 

^^^fi&fi. ^¥1 1 - 3 4 8 2 8 5^#SK|i^ 

(7)MgO±lc:e^^gEfS]^c;J!lUT, ^iCZri^ 

r kZ&'&k L-Cl>6o ^^-6-C\ #3§^#^<D-~A 
fll, fqtem#.^-JI|^^ r^s^&flfj (1992-9-2 
0, *i:WRg«fT) K:*3lvC* P. 144-146fi: 
nf®&m>£i~Z> X PZTCOJ: r ^tfJEEm 

#£fifcffili-<5^£\ Z r ^Stg|cS5fe^l^W IT L£ 
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5>fctf>lw. &^C#Z r £^£ft< L^tte^£&<0 
^<^f)^^J^PbT i 0 3 ^PLTML 
fc&lC, PZT\ PLZT^lt^^ & 
*«&rif XH£agA LTKI* P L Trt^ P Z T^^lw 

[0007] s^IlG^^c$||g$tlTv^6*^;{w 

(i) ^is^icia«c(7)5!{^jfeT*»i, nmi4<t<^ 
Lfc*-iarsiS§^fc^v^i^s p z T;W#e>ixfcv\, 

10 (2) fflrSE^*iw*5Jt«*«feT?tt. ¥&&<£>MgO^?) 

(3) Sfr|E^«tc:*5tt«5*feli. «#9W«wJ:-5ffiA^ 
(«*) »»^EE«^ttO»frttfcav^W:ffi««B»5S 

20 [0008] f^T\ m3*Lfc«*S«tf!>W 

T*^(* ^ n i- ^ T— S5: m V > ^> V> 6 m^B*P X Bp 

lEft^y K^R^iSfefcit^jatft:*^**^^ Kln*]» 
^^>C^ SJBEWlR^WaSSrlftWi-S C i: S: § #> k 

30 [000 9] 

S ?>^, KJEWBIoSWK^fifeW^iaaS: 5 0 O^JPLh^ 
l^t)fiM^lS^f)'>^< H4 5 0t* 
WH«:3 0°C/m i n ^(D^jIffiX^^iP UX 

40 [ooio] *&w<DKmm*mmz&^xn, mmm 

lg^^=»ri^i,Sr^L,TV^jJV>C^:^»^U<, ^ 
^^Wl-*B*Pi-5+FaS^^ LTV^6 ;i k dsff * b 

[0 0 11] ^(^>i:5^1El^tMn^p^^>f 
h Mat «r«T L ^olt > 6 J: 5 $ nfc* 1 Jg 

so #>%i-tzzk\c£v. *#<c£Em3e***-j-s*ie*<o 



I 



7 

[0012] *3gWcoSf5 i coiftfHUtcA^y K 

£3 Ot/m i n£JL±Oftai3Sft-efiLj£ft*PUTJgfiRS 

[0 0 13] *»W<Z>JB2 0»f*:i«*iaft^5/ Ktt. 
P±tB P fcK«a:W P fc»tt3*L*:JE*£ 2r fc^i"*** 

£ fc t>^Mtb $^5^2rlcJ:D SWBiK efcW P ^ IE 

frt>'PK< ti>4 5 O'C^COK^S Ot/m i n«± 

[0 0 14] *l8M^»3<D«ft:i«»|Bfl[^s/ K«, JS 
0±m P t ffl P tcigjR $ tifcJErtS £ £*-f 5 *# 

mmm^m^m^m^ 5 0 u »w*flf^fi 

[0 0 15] r<OJ:5lw«rt$tt5tt(*:«*fla»^y K 
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Zk\z±*) s Z r Sr^tP^2BSra»-e^o#< L^t 

*«W©»f*«Jlt«Btt^* KKfc^T 

JBI-*5W*^=»=^A/^^>lt^ 3 0/7 0J£JLt 
7 0/3 OKTI-R^StlTV^C^^ff* LV\ 
[0016] *38«<0»«c«#tlB»^ix Kfc*nr*Ttt* 

[0 0 17] *»Mo«fla*itEft^y KlcfctvcWU 
/EmiSltf 5 (10 0) £>6lM3 (111) ^fttwEftLT 
»«$ftT^6Cfcas#*L<* (1 1 1) 

[0 0 18] *5IW60«f*:'e^1B»^S/ FtCfc^Tfi, 
flElllr 1 0 /i m^T^f ^ HMt 6 ^ ^ ^x*# N f£ 

btiZ> 0 fit, Sll^lM3 0nmW±10 0 
30 »flfrT6C2:3^-C*. »K^^taS^r5 0 0t:^± 

~kX\ mwmmm»^y Vt UXOEtfSSrffiT* 
[0 0 19] *3SW<Z)jS#ii»Bft^y Klc*jv^tt, 

N i N C r , A K T i *3 ZtfiZtlbvmim^ 

it®. Si, s imk®. ysz. M^^flMtoA^ft 

[0020] *&w<Dmftv&Mmm^*y Kic*jv^r«, 

W1Bfi»4R^ffi*a[*«j*i-**«:fflaE«^±»^^ ^ 

m\z\?-yisxmm&ki,xm^z>zkx\ ^y^y* 
(ioo) $>6v>n (ill) ^rfiitcgaisis-frx^fiKi- 
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[0021] *»M<o«»*A#E«— Klc*Ji*Ttt. 

fiLX^j£$ftXl>5Cia5#£ LV\ 

J3E®J&£>g§2Jlas, -*:/:fcJ:tf**\ ^Vtf^&^tp 
KWWttttt 6BE«»-e* o X t> <fc V \ 

[0023] #&m<Dmftm*t&»^ > kk^thu 

<, ^tlKJioX, #J;ifcf, ^*^>^£JB^XJ£SR 

[0 0 2 4] &&W<DWi#xgte&&^y Ktw^Xtt, 

fEffi^l-M/St-* J: 5 t-#8i LTRJt S r <h I- J: 3# 

coii^ j£m^^£E^^(w^-/S-r -5 cfc 5 LTIx 

[0 0 2 5] $ ^tc N *«MO«#*»ia«^y K03H 
BBP«iS»flltSjifcflE**i**i"6**ttt, iftfEIH 

«i«^IS^^ / >^< <b t> 4 5 onC£-C<0|RI«:3 

ot/mi n«±^»a»aT«ia»*Pi-e^i:{wj; 

t). «HB»lJii:»2JB*r^tf£E«BI*:*J«-*-6X8l 

tcmmjEmmizttj&Lxmxm&Mm'tzxmk. m»± 

to p &m& otitis %)\>7 is— b £g^1-£g^xa t 
*»6tt9, tWEfiEWBISr*fiR+6Xai-*3V>T. liftGSB 

2jf IC&tfcLXi^P — •>A<^fi^/>/ < c< ft^J; 9^ 

[0 0 2 6] *#Wottft***B«^s> Ktf>««3r«fc 
tt. *KPtmPttt«ttWR«-«3l«Snd»o-tt.^Hpffi 
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sc<t 5 tern bti±&n&tottb&m*.itmitm*tte 

^ LTKJB 1 «±lw ^3 = A t »J3 J: ^ i 4r 
ic, *oMK»jftfl*0>iUE«: 5 0 o'CfiJUt* L, L^t 
Ot/mi nfiL±0)ftaiaftT«L5S?ft*PUXarSB»lJB 
10 4E±lcWSBJE«IS*«*-*--BflE«iB»afBt»j«-fSXS 

m^*fci®<Dmmmnn<nmmnkMmj£mmm% 

<omm«k&fe*m$:m\t^\ZLttfa£&Xti&1rz>3M 
k. ^SlcMIE^aHRSrBft^-tSxa^Sr**. jffl 
ia£E«SH»«r*ril-*-axaicd3V^-C, jOTESJlSS:^ 

« LX vvw n^i>A^i^M</^j:5 IC^-T 6 ^ 
[0 0 2 7] *JB«<Ott1t:«tffil«^^ KO»»*ttln 

£ »« j: < ^o&si^j&i- 5 c k & *im iw * -5 0 

[00 2 8] *«noK#*MBA^^ K^it^ffilr 

[0 0 2 9] 

iz&^^xmw-tZo 

30 [0 0 3 0] jglll-ioVNT, (a) tt, *«W,d«5a[ 
W«Eft^yK©»aH'C*)9, (b) tt. (a) co 

a - a*ik« o xi&m LXTF-rmmmxtb r> , ( c ) 

[00 3 1] Ktts 
K»fi8;NFOta*^e>^^< £t>4 5 Ot^T^rBl^rS 0 

t/m i n&±<DKmmmxm&]ftw-rz>zkxMf&i$ 
mm^t/ nzit®LxmftX'hmxfr<>ffimtj:gimj7 

[00 3 2] Kill (3 1 (D 

50 (a) *5«fcU< (b) |C^-r<fc5i^ a»<^Sl!tfflP2 
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t>m 3 ic-tix-eftRtt e>*ifcEE«*^ 4 1 &m?LxsxT 

[0 0 3 3] KUWUlW^jy K 1 tefcvvc, iKttWQ 
211, /Xy^u— h 2 a JdBf^MPHSrfco-CMJfiKS 
*U ##g!5 (ffi^Sffi) 6lc«etHlP2lC 

*S§6 a S:^LTft«S*l5. #f*gR 6 <D±ffi\Z 

T^-l P g|5 6 b ±nflrg1-5 J: 5 iCJGEmSf ^ 4 <b 

[0 0 3 4] jE«*^4W:. BlW (c) 1^1" 

J:5lw, ^rn^ttO. 1 /im(Dii:$^#-r6e^ (P 

t) frbtez>mm7&&&8 mmm7, 8<Dm\^m 

vM^~7\ fr£l^2^^b^:3~T£^5) 

46 Q £JLk<£>J: 51-LX, tmW)fc5 tKX 

[0 0 3 5] !EmM9(DUnt LT, #&. vvi' 

WCPZT^V^ Pb, Zr^OTi^t 30 

tf\ -ft*Pb (Zr x Ti H ) 0 3 T?*$tt6JE« 

(Z r 0 53 T io.47) °3 ^»frfc***>ffi*tt**+" 
Zbi>im&fcX&Whfrlz£tiX\t^Z>o La*U 

[0 0 3 6] *^X\ **Wt-*3V^T«. 01W (c) 
tc^-T J; ? JEWS9*2JBX«/ifcLX. Slfll 
irbT, Z r <£>"a# LTV^^V^P bT i O3 ^tz.VXP h 
Ti0 3 C7y^^^ttL/c (Pb, La)Ti0 3 

(£AT\ UMiPLT*^?) fc»«U 40 
X, Pb (Z r 0>53 T i o 47) O3 ^M^S^rM 
U «HR»fiR«P<oaSSriftia (5 0 O'CUiLb) t U * 
LX, »R»fiKl*0?a«^e>^*< H45 ot:^Ttw 
^5^X3 Or/mi n«±^*aafiX«LJft-t-S^ 

[0 0 3 7] -tttfrhs m2<D ( a ) l^tct 5 lw. fg 
If llfclX ZrO**UV^V^PbTi0 3 * 
MPb T i O3 li7^>^»tfcPLT5:« 
U $211 2<bLX, Pb (Z r 0 53T i 0 47 ) O3 50 
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JE«»«*r*J*1- 6 C fc #Xt £ JLV >fc LT^ 
£i*rfct>tf>X&6 0 

[00 38] J^T. 2Ji^e>*SJE«BllwOV^X*e>lc 

[0 0 3 9] ±3S^J:5I-. PZTte, A»*JE««Mt 
SrWU ^OZ r/T i <D*ts^B&5 0/5 0\Zti:Z>b 

P Z T li^^' ^ fe^C V DS§ fiK 
*ftSrfflv>X^»*K«r^-r§-^^BjiX*>t), T 

1 Z r <Z>Jt¥as*# < fc5g*w«fRlW:SH*X 

£><5 0 ^jkhi*. utiles r^^s/^atffj Ofcsfctti 
ik) p. 1 4 4—1 4 6^(cia*i-sj:5tw. mm&& 
aauna^x, z roiMk*^awE«Hiw»»u 

^co^fpifi. ptiffiicpzTiMfm 

5 <b Lfc»£i- $ «b KSR*X& S £ £ fc IH a*X*> 60 
U^bft^Sfe, PbT i O3 ^ThtePbT i O3 Ida 
^lOmol UMMkffiSfcffiTS-frfc (P 

b, La) T i O3 PLT) JitC, »RJ^ 

dt*Jfe«:fflV>X P Z T * 1 5 i: , ZriWbWSrtff 

ffl$t5^^j:<, M^PZTi^Mt^ci^ 

[6ljSSfe^V^*j|gS*K^#6fcfttC«+^X*< . 

v>tt*jBS*#Sfc*«c#«'jc:SLK*S««:«foXV^ 

[0 0 4 0] «^ltf. 1^1 2 <D (a) td^i: 9 3fc«p 
g«-ht£Sfl 1 B 1 1 t UP bT i O3 SfcttPLTfc 

Ml> <Z<D±\zm2m 1 2 <b IXPZT^MtSIK 

/,f<H45 O^C^XORI^ftfflffiSSra^^aEJELX 
fiJILfc^ P Z TOlElRj*S:»0-<fete*S:ia 3 :fc<fctf 
0 4t*t o UlSICfi. MgO (10 0) /PtHi 
S3t«r**±l-. (JBlHtbTO) PbTi0 3 ^ 
0. 2/im$iU ^OJb^ (S2g^LXW) PZT 
^2. 8/zmffit6^ M^iS^6 0 0ti: 

fiKjKWf^«as^fc4 5 o°c^x<Dm<D^m^^u 

* LX« Lfc^F^ p z T(7DgEfpl^^Ei-</c^m 

^^"To rco^id, cttlcgSfplU/cP t ±izp b T i O 

3 *»»Bs**;txrt*Lfc»a\ ^oftaaaia 

oX, P b T i 0 3 OgEfo)tO(pl#^ s attX$)ofc«3c 

2 ^1-. ^co_hlcPZT^^-r^>^. 51iKXfctt> 
^igjKKXfctu, lRl«»-»»3Sfl[^»»Sr3ftfc«iiErpl^ 



I 
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ot/m i na-boftajaa-caaiftaji-scfc^j: 

ZrttA/T?V>5PZTS:fi)tt^oi< UHc 

c«IErtl»l»»«r»*+»wi:*-e*6. 7j*£p 
IS^6 0t:/mi nl:f5^, c NBAVtt 9 5 %« 

J&3fift*Pi-6ctl^J:D. c»fcE«Lfc*#ttJ£tt£ 
*Sr**r 6*3ISA^ P Z T»BI*:»*-*-a - t 10 
6 0 04111^ Si (11D/YSZ (11 

1) /p ta»&fc»**»»K-tfc. (IH^L-C^) 
P b T i 0 3 £0. 2 ym«U -££>±|C (IB 2JB£ 
ITO) PZT£2. 8^mMt5fc fiKKW^ffl. 

(D^mm iw^jg l-c/sw Lfc^ p z t ogfi^ 

*>iaflM>&4 5 onCS-e^BSrS OVm i n£JLk<D?fr 
4Pii«t?Aa?ftai , *"5i:, (111) HE|fil*H8 0% 20 
J£JLh£ft!9, Z r S:^^"CV^S P Z Tifif Wof < 

* (111) $*iaft<£>¥#£ 
i^Mt^^^^t^^o S&fcl, #*Pj£S£6 Ot: 
/m i n Mi"* fc , (111) «ME«*tt 9 5 %fiLbfcl 
/£6o ^(DJ:5IC3 OXJ/m i nK±W»»3SflE-e*3* 
tfiW j rz>Z.b\z£V. (ill) #fc:ErtLfc*:#ttffi 
tS»ttt-5*jBft^ P Z Til^Mt6 c £ j^T* 

[0 04 1] KIBAK. «ia?&an-<tt), P 

ZTtHSJKO»^**«P-oTJft««* s (10 0) "C 30 
fctttf. PLT (100) . PZT (100) . £b 

ici, T»««a s (ill) -efcfttf, PLT (11 
1) s PZT (111) &mt>ti&o 

[0 0 4 2] *fc % /EmJK^2g«5t(CO^T^ ID 2 
<D (a) ic^-T^itoft&lc. m2(D (b) l^-r£5 
IC, fill 1 <bg§2jf 1 2^H(wPZTT*Mt6 
ft*l<b*t>> Ilill^Zr ^tf^M2§ 1 2(OZ 
r <0-&#*lwtt:«LT^*< L, fiKMNFOiaKtt 5 0 0 
r J^.±T* ftfllafiSfi 3 0 tVm i n Sl±<DMj&ft&~e 
MJ& L,tcl£mm 9 IC*SI t Lfc t R«<aS»*«:# 40 

actm^o 1-** jEm^srfltfifci-ssfis 

(ftgUI) LT, x<0. 3ttlR3£Sixfc 

P b (Zr x Ti H ) 0 3 ^5>45PZ T 
(^Str$e>^L a «r£WB*»V\ ^2Si: LXO. 7 
^ x ^ 0. 3lcRS$ttfcPb (Z r x Ti H ) O s 
^biSPZTlSrfflV^MfCfc, »»tt*A»"C 

S6o **5, ^Ili^lt, x<0. 2 

KlRJE**tfcPb (Zr x Ti H ) 0 3 W48PZ 
Ti*fctt^BlwSbl:La Sr&tWBSr/Bv^artas 50 
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ffV\ &*P3£££3 O't/m i nK±t*4< £t>4 5 

[0 0 4 3] $ ^C, (212(7) (c) \Z7jk-rXv\^s ^1 
S 1 1 t UWZ r ^/j:V>PbT i 0 3 £ fete PL 

T^b. z i&m&mmmzmi)n£itxpb (zr a5 

T i o 5 ) 0 3 #iS<O^^^^JK»t^bS-fr^»J« 

PZT ft«Rt SffitR*fflV>t tt» Lfc k 

(*acUJJK) P. 1 4 4 — 1 4 6*lilB«S*tTV^. 
[0 0 4 4] Sk±(DX0\^ H&iUfr^n-fe^fcfllV^X* 

[0 0 4 5] SkT\Z. s *»W#«3l)S*ritU*:«tt*»6flE 
ittlil 6 * T^T dSElRl l-J** L-fcffiflcifiJWia»^ > 

[00 4 6] *a««>«fWttrtB«k^y K^aais 

RW+6. 

[0047] (H5C0 (a) \ZL7jk1r£ 5 ^ (10 
0) ->y3^Sfi2 0 (5 0 0 Mm) JitdYSZ 

ft^a^r) 2 i $:SffijaK8 o ott?^^s/^ y ^ 

Zr*«RfCfcfiV\ YSZI2 llififtfti: LTfF 
^-T6 0 ^Lt, YS ZS2 10_btwErPlU^P tlH 
R 22lr0. UmW«t)ot*it 

6 0 CtOPtllil2 2^WLT, ElRlbfcPt 
Hfl£#£fc£>|C\ YSZi2KO±lC««(ttLTSi 
0 2 ^Ti0 2 6IH0CARL. ^(^JblwP tl«2 2 

[0 0 4 8] ftV>"C % I^B (b) tC^-f- <£ 5 Iw, gBf^lL 

yc p t mmm 2 2 2 jf«£<^jEE«jR 2 3 * r f ^ 

/<y^SfcJ:9d«t6. ElR2 3tt, Zr 

«r**4v^«3RRR* (PbTi0 3 ) ^biSSlS 

2 4&£XfZ r «:«tfPZT^&ft«JR2j|2 5 SrflffJE 
L/c J: 5 ^fi8;Ml*(D«aJK* 5 0 0X,£X±k bftfll^ftft 

3 0Vmin^±t«t5o - C7)J: ^ (-^^tlfc 
EEm^2 3l^:, i/JJ a^«AXfi2 OOEI49B (10 
0) SrfiJfflLXYSZEfplK2 1 £*rO££HSiffi (1 
0 0) ^L. ^LT. EfaLfcP tiM2 2<DJiiCfiS; 
mLfcPZTt. (10 0) £ft|cEftLfc¥*£MK*s# 
^tL-6o mi®Kiw*JV>X, PtWOI r, I r 

2 o 3 , sKo^<ommm*WM}WL±-\^t°**"s^fr 
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fc^g&S-tirec^-Cfc, -t<a±<0PZTj&s (100) 
ft^flS*3Sffit»<. U^1>YSZJIg#tt««tt*S 

Lt^KSra^^^ - i "C% ( l o 0 ) P Z 

[0 0 4 91 tfci^T?. 1^(3 (c) \Z7jk-f£y\^ 
23^ #JE*S2 6Jc»jS-rs^WSttfe?B«4:*6 

S 2 0 *r fc b< y »2**»reSR# 

Wlcms^^ifciU *vy ^>St£2 0oo-*fl£j£;/j 
^2 6<D«jgS5*t£ IT«^S, ^LT, ffiBlgl2 3<Z) 

[0 0 5 0] -t<D«K. HBI U) Ic^-t- J: 5 tw, 1S«: 
WiSQfcfflP 2 8^^^c$ttXV^y X/W^U— h 2 7£ 
y n ^Sffi 2 0 <DJ£J3^ 2 6 (^T«i-ffiB-fr^ IX 

[0 0 5 1] fc*3, i£ii2 3^EM2 6l^f 

1^ &JEmm2 3 (Dm (d) 2 6 (D) J: 

5/W<t5wt^ff*L<, -^W^tt. 6 0%H 
9 0%^*UV\ Hll2 3^iL"CMt 

X#6o £<bt-> ^»^2 1 coi?$ (t t ) 
£ s m7(D (b) l^ti^lc, J£mJ^2 3co£>6£f5# 
tt*< (t x ) , JE«K2 3 0*v^ffl^fi»< (t 2 ) 

Id. t 2 /t 1 £0. 8 k-fZZktmt: LV\> 

[0 0 5 2] UMSS (1 1 1) =»^S«±t- 

»««S:^LT (10 0) ^fflfciErplLfcYSZlRSrfifc 
Kb, ^(D±[^S i 0 2 irZr N£i£glIjj]I£ LTM 
U *6>«o±lcp tWHMrriMi-a*. Ptii 
Bite (ioo) ^fai-EftU -eco±ic (ioo) tciffi 
mLfcpzTtjWraci:**-?**. se>u:sfc % ¥ 

(10 0) S/JJ 3^S4E-blw««WSr^ur (1 1 
1) ;frft|CgEft L/cYSZ&J#MU ^(D±ICS i0 2 
t Z r N«r«tlfK^ LtfiKlL, **>-LK P t BtSrjSW 

-T5 0 ra>i#, p tffiffiKfct (ill) 2rfttcgBft 
U t^PttfflK±l-PZTS:«JitSci:lrj:t), 
(1 1 1) U:EfaL*:PZT£#3C £aS"C#5o 
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psoyszi* (ill) ^fPi^Efpiu, sSfittic^Hfc 
mm&k-rzzkfc-ezzo $e>i~, (nn 

^y^ylfiSrffl^-CYSZJ: (ill) #fttcgEft£ 
n«(^ (1 1 1) *«^ErtibfcPZTSr#6C:i: 

[0 0 5 3] ftd, *3BMa>»*>fii*1Bft^y KOffi© 
[0 0 5 4] *Hlfi«tt, g£fS]PZT^^l/^5^XfiP 

*^±fc*»W#*JW»W bfc P z TaEMWISJUR* 

[0 0 5 5] £XT\^ s t<OXTy'7\Z<>\,^xm.W-tZo 
[0056] mS(D (a) 5 «>JJ ^ 

1 Ocoi 3*0»ffi*X>r^-^aA-CfT5. 4«lwAo%« 
JE^r^^ hn— ;i/L, ^S^e> 3 ju m^ScD £ d >5^X 

20 Ji 3 1 Sr*rilU C*x£MI&;&£ LXfiJffi-T6 0 

[0 0 5 7] P t mffi (*iim^) 3 2 *B K— 

^I3 1±^*fi8t6, CO^tjP t cDga^oS^r^e 
fc^lC, Ti0 2 ^Si0 2 &1Stffimb Ul^T^J: 
V\ *H*6WT\ 1 0 0 0 A(DT i 0 2 . 2 0 0A(OS 
i 0 2 4*8ft'>y 3^«3 0±l:fi«Lfc8l^ P 
tli3 2MlLfco #f)tltPtlS32« (11 
1) txf^aev't^M^UTV^, X-ray« 
«£Wl:t)TEMlcJ:6ISrffi(0*^HfcSr«aifc^ 

30 [0 0 5 8] ^Lts I^IEI (b) tC^H-J; 5 l-x Ptl 
mB2±\Z, PbTiO s (f If) 34, PZT ($ 
21) 3 5a>b#SJE«K3 3&^/*Lfc 0 ^Erix^no 
JRfffl, tWtlO. litm, 2. 9^mX'$)!), 

[0 0 5 9] ^ic, Eli3 3 0x^y^ffot 0 
IEM3 6(Ogl^LT7 0 
%^B^*6«t 5twJR«y ^KXai^^v^SrtTVV JEE 
«!Bt3 3*5>«Lfe: (IrJH (c) ) 0 tLT, 
40 Sffi3 0m<DfE^3 6|C^fc6Si5^^> K^&^rffiV^ 
fc K^-f^y^^^-eSit)^^ (P0 (d) ) o 
[0 0 6 0] tLts mm (e) /Em^ 

3 3(o±ic±sii mwmm) 3 9«u 

(d. ffiftttBP (/X/v) 3 8 ^IS!ttfcy X/U^U- h 3 
7«r^y3yJb5V>ttSUSt»l*U t^M3 6 

[0 0 6 1] */c, MlbS 3U LT> > y ^ V^fs 
glCB (^o^) S:10O13fSfiK-/Lt#f)n 
/c3 MmgjS^>^S$:ffiV^ N ^(OJil^^^^^^^ffi 
50 2/im(Of$(7)MgOMSI^V^ 
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* fc«t-t*i£JlT<0]£ § -efc 6 r Lv\ 
[0 0 6 2] 15183 3tt, 3 3 6 

3 6 o« J: 9 2fe< ft 6 <fc 5 c t 

teft<, ^M^I*^^■CV^/J^v^lo(Offiml«*:fflv^ figiJB 
V\> 

[0 0 6 3] »«*tLfc««flE«fflt3 3^R»r3E 

Ctft<ffi«Bt*:Stt$^:5w^^-e|t5(^-e % figftft 
tt^ft^S:^ 5 *^. «x.tf, i£^3 6<D*I& 20 
70/imtU IE113 3<D(6Sr£E;^3 6 <£)i|»I <fc 9 5g= 
=F*<ft*J:5^**U*:i:#, lOV^iE^Ot 

[0 0 6 4] EUnoiSK:, *HHfi«iJi-*5V>T«, mf>£ 
yl^±l:iIMi^MLT N -iMoEli^ 30 

(ioo) ^ (i 1 1) jjfa\zmft£itxj&f£-rz>zk 

i 0 2 wl8*Bt*:fflv^t>m^ 0 S^l-fci:. Mg04r« 

[0 0 6 5] Z<DEEWM3 2<Dm$& > lO/im 

«-tfcft*4:* tS«B»PX^HJIti:ft-60T, JSEm^3 2 
0*3 12* 1 0 m Rl: 8 /z mKTI-KSt S ^ 

[0 0 6 6] SS^UT> 3^»«**r«V\ *z<0 

iSLfcflL ^O«0JBJi±fc-«* (Pb H La x ) 
(Zr H Ti y ) 0 3 T«*ix6£Emil«:»*i-ac 

(Oi:5t--^Pb (Zrj-y Ti y ) 0 3 T'fSn6 
(Pb H La x ) (Zr H Ti y ) O a II 50 
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<0*tt AfWcittt UT 1 0 fflP^£«£ft«r»6 w t &X 

fcfcL<f*CVD«fc4rJBV^:: fclcfctK ISIlttwJ:^ 
*lS*w«*K 1 WHBK: 1 m m£Jl±©#.v^aa*r* 

<«:/^^^^■Wb•*:fflv^6rtlrJ:lJ. &#ft#® 
*M4*rl*# Lft^s &S«n^A*$«d - t *-C* So 
4fc, MgO^ftfeUliZrN, T i NSrfflV^tt)^ 

[0 0 6 7] *%MOffif*:iS«IB»-5/ KOte<0 

[0 0 6 8] *Safi«0«fr*l*1E»^-/ TO. lE^S 
S±HPZT«tSOTI^<, iflMB9flc«:JB^ 

tpzT^nii^ ee*s mm &ttf&t%> 

Xgh ^n^SrS^+^XStSr^HI-J-ecfclcJ: 
9, ap#fle^n-fe^^ tt*fl§v^^xa«r#*-*-* 
rtsflS^TIBtftS. La*fc»^;g*o»ft 

fcm»»ft ^:PZTW B ^S 

i 5 0<ca*&4 o onccia**:^ 5 zkxft&sn* 

[0 0 6 9] ^T> #*lt«0«ttWttrtB»^S' K<0» 
^icov^t, H 9 tr#MBUft*s 

[0 0 7 0] 5feT > ID 9 CO ( a ) fcjft-J- J: p 3cm 
ftO(lll) S^lItUtt^^iMgOSS 

0. 1 /im(DWSlcMt5o 

[0071] m^, mm (b) t^tj:^^ p tit 

[0 0 7 2] ^roomt-, RB (c) {C^-f «t p {C x Pb 
Ti0 3 ^Ji5»l| 42^0. 0 1 M 

mCOj?^{C^J5gb, ^IT, ili4 2±l:PZTiH 

6 0 ft*5. w60^, SKMSfL 5 0 OX: fab 6 00t 

^Mi«ixii«f^^ #>&mm*s ot/m 

i ntlilMH/:, 

[0 0 7 3] *-LT, IPJBI (d) l^-TJ;5^, ^lS 
4 2t PZT»M4 3^e>ftSJE«K4 4Sr, 

[0 0 7 4] ^SS$ixfc#/E«K4 4±l:^HS«:^ 

^i-5o ft*>\ ^iim^irux, mmmzmmisxm^ 
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£ # m mm \ - •* s t <^ 6 . 

[0 0 7 5] |pJ® (e) K^f 

0#^Sffi4 5±l-T i 

[0 0 7 6] -t UTs IrIH (f ) l-^-Tctpl-, i^y =» 
tt^ttlw^s^^Bft^U v^y = V««|rjE^^4 7 10 

[0 0 7 7] ^<D*£t^ W (g) b Id, ±3fi 

«4 O^r. i£M4 7f «$^i/y p>S^4 5 
(O T i « 4 6 in /EHK 4 4 IXl^fc* 

Elliot, jEjj'zi 

4 7. ^ftffi4 6#J:t*PZTa*e>fc6fl=««4 4 d*— 

[0 0 7 8] ^(r. mm (h) ic^^-J: 5(C MgOl 20 
&4 0£, »tt»*KiwJ:!)l»*i-6o MgOffl4 0 

[0079] $h\^ mm ( i ) (^H^?^ 

1 0 um&(DifcfikttiU t/X/P) 4 9 *j^«<3lH«"C7g 
/&L7c/ X/UXW- h4 8SrS«*#»lC«t!?#ft, * 
^tibW P 4 9 Sr-tn-eixffi^S 4 7 Ci5giii-6 «fc 5 left 

<£-r%zb\-£<9. mftm&m&^y K^$n^ c 

[0 0 8 0] *%m&\<r>W&&\ t It, B 1 0 \ZL 30 

[0 0 8 1] ^latffli-feV^Tt, Hi 0(7) (a) 

3 cmftOD (i i i) ffi£±mk LT#rS 
*«SMgOStR5 0(O±ffl^ *eSOPtiSi5 
1 ^SEf^^iir-CO. 1 #im*>»SK:jfeifcU f LT, P 
LTA*b*S^Wll (fBlS) 52^0. 0 1 nm(D 
m£\^f£-tZ> 0 %z Itx Mi5 2±l:pZTilg5 
3 5/ * y ^^fd J: t> #*> 3 u m©SJHMt5 s 

tt*3, COB, SffiMS«> 5 0 Ot^f) 6 0 0X:<Dffi. 40 
«l£Rj£LTl«&*8fi£li\ ftffl»K«r5 Ot/m i n 

[0 0 8 2] mm (b) W52^P 
ZT»15 3^e>*6JE«Bl5 4*3j:tfP tlW5 1 

#l£i-6«t5l-«B'JoWSBl5 l*3J:U<j£«K5 4lc# 
Kb, *<0&\Z. ^±l:fill«5 6fcLT(OTifc3 

[0 0 8 3] #:V^\ Plia ( c ) te^H* <fc 0 le N 50 
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>SK5 5^, JEm^ 5 4 ^mffi 5 1 mWF&ZtlfZM 
gOStE5 0OPZT*HHB9*t«r, l^^r?PJ^rffiV^^> 

[0 0 8 4] ^-co^ic:, (d) ld»-*\fc 5 fc, Mg 
0»R5 o 9 l»*U -t tt, 

(e) t^-f <fc 5 1-> ?/y 3V£ffi5 0Sr»tt»SJSt 

i/y =^»«5 5lCJE*S5 7*r««i--6 0 

[0085] * ut, pibi ( f ) ici^-r j: ^ &vtm 
p (/ xvv) 5 9 *ffife<Dmmrej&fo ufcy x/w^ 

h 5 8^ri^y =i^Sffi5 5 MR «-^qtmn5 9 

Sr^avetUEAS 5 7 lcigjli-6 «t 5 left^-f £ C £ IC 

[0 0 8 6] 4t*5, g|9*5j:r^l O^itXMUc 
«56#8sT?tt, Iill4 4,5 4 *3 J;tffi»JWffi4 1 , 
5 1 fl\ (tg»« 4 6, 5 6 T**ffl L/c) ^^im^^:^ 

Jfe-f, *ii«*S:»fiKL, MgOS«40, 5 0^r^iy 

^i^vmc, EEm^44, 5 4*3j;tfp tm%mm4 

[0 0 8 7] ^Jil^PJ L.fc»5S*&lci:H«. 

[0 0 8 8] 4*3, ^±0#HJfeWiCi3^T, jgH, Mc 

[0089] ffiwBiiwjsjtsjBis vmmm) 

oV^Tfill BI2^^V>T. Slilld SBSttO 

#■^5^^: bXO^««^B2^1 2^ffioXV^6 0 
Ufc^oX, ilill^Iffl A»*»2JB12«: 

3S«*:fflV>fe»^ % fglJll ltt5nmftTT?ko-C 

O^S^^r#ii;-r^ 3 0 nm~l 0 0 nmCOlclSIC 

5t--e#, ^ogfoS2li 2Sr^-r^i:VN5Sb* 
lrt^t^r^t#, L^t>JE«Bt9Sr*j«-r-5X 

o. 2 um(DPhT i o z m2mi 2 ti-xmm 

2. 8/tm^Pb (Zr 0 5 3 Ti 0i47 ) O3 <D|Sj££:# 
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[0 0 9 0] £fc, ##WI-:fc5^X, PZTt*fiiSh 
6I2§ 1 2(DllWtt»liB£Sn5t^tli4v^ 

fc* EEm)ISl9tDg|J?te, tetoMffi^^S^SJC*** 
0. 5 M m«Jiiw«!3e-r6^i:^ff* LV\ So 

ojfficoff jRttS:— JtfiJUilJififcoc <b * S X# 6C£ tf5fliiB 
[0 0 9 1] HI 9 l£ia^-6IS*W-*S^"C. 20 

[0092] tgUbts (H-iiw*5v^r, 

9flkl^X*Mfca*. LX, ttiRLfc* 

JfitfjXte. YSZ^lf^> (Ti) fcfflV^fc*. C 

JRL fcSV>f4S i0 2 tffll^CiWISo C*L&<£> 

XtAJR^v^s i o 2 fcn«o»**:#S;:4:*-e 
# N *^*y ceo 
ffi. m.W)fcblsXtfV^ 5 K*<£>»J§g£:fllv^C tt>X 

WlBft-s/ Ktf>«»«±: UXigLfctt^XifcofCo * & 

stt^^bx, * 9 s * * * t ^m^m^m^un 

*JBv>X. Bi\tti:BttS:»fc*6C i fe-CS 5. 40 
[0 0 9 3] eJL±^#*t»*«V^lifttESr»fifcUT 

[0094] £x±<d£ o tamm^^x, mt>m m 1 

(5) M**2jimOS i 0 2 1^: U> /EmflS (9) 50 



OS&2J1 (12) atPb (Ztq. 5 T i q 5 ) O3 
1 vm^M^&d&lK (7*3J:tf8) *rflll*fc» 

tbS (5) (DmZn. ±M<02 AtmlClPR^ttStOXfi 
tt<, EVJK (9) (Dffi«»tt*5j:t/»S. ig»)tS4£ 

[0 0 9 5] *3gwett. l«±^Hitttfi 

©W»^e> * 6 «IS ±.I-»J« S ftfdE WR&fil V ^X fc , 
7 3> v ^«*offimDI*:»*'r * - fc 

(ill) *r^i-iafpiufcEEm^tc^v>x^, hv-r > 

*JK»-^LX«l^r6]OSIf.^^t5Ci:^-c#eJ:5t- 
[0 0 9 6] PZTiMWDlTli*t« 

ff5c«b^x^6 0 JSEH;]li^^i*-r6^2^co/E 

Zr/Ti Jt#3 0/70 — 70/3 0 ^Kf^fc* 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It consists of a piezoelectric film supported on the support base and this support base, the 
aforementioned piezoelectric film Have a perovskite structure, respectively and the 1st layer formed so 
that it might touch mutually, and the 2nd layer which has a zirconium are included. Furthermore, 
piezoelectric-device structure which makes temperature at the time of thin film formation of this 
piezoelectric film 500 degrees C or more, and is characterized by cooling quickly the between from the 
temperature at the time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees 
C / more than min moreover, and being formed. 

[Claim 2] Piezoelectric-device structure according to claim 1 characterized by the 1st aforementioned 
layer not having the zirconium. 

[Claim 3] Piezoelectric-device structure according to claim 2 characterized by the interlay er whom 
zirconium concentration increases in inclination intervening between the 1st aforementioned layer and 
the 2nd aforementioned layer. 

[Claim 4] Piezoelectric-device structure according to claim 1 where the zirconium content of the 1st 
aforementioned layer is characterized by the few thing as compared with the zirconium content of the 
2nd aforementioned layer. 

[Claim 5] This soma which has the pressure room connected to the liquid delivery and this liquid 
delivery. Lead, titanium, and a zirconium. It is the fluid injection recording head equipped with the 
above, and the aforementioned piezoelectric film has a perovskite structure, respectively, and makes 
temperature at the time of thin film formation of this piezoelectric film 500 degrees C or more coming 
the 1st layer which does not have the zirconium formed so that it might touch mutually, and the 2nd 
layer which has a zirconium ], and it is characterized by cooling quickly the between from the 
temperature at the time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees 
C / more than min, and being formed. 

[Claim 6] This soma which has the pressure room connected to the liquid delivery and this liquid 
delivery. Lead, titanium, and a zirconium. It comes to contain the 1st layer which is the fluid injection 
recording head equipped with the above, and was formed so that the aforementioned piezoelectric film 
might touch mutually [ have a perovskite structure, respectively and ], and the 2nd layer. There are few 
contents of the zirconium of the 1st aforementioned layer as compared with the content of the zirconium 
of the 2nd aforementioned layer. Temperature at the time of thin film formation of this piezoelectric film 
is made into 500 degrees C or more, and it is characterized by cooling quickly the between from the 
temperature at the time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees 
C / more than min, and being formed. 

[Claim 7] This soma which has the pressure room connected to the liquid delivery and this liquid 
delivery. Lead, titanium, and a zirconium. Are the fluid injection recording head equipped with the 
above, and the aforementioned piezoelectric film comes to contain the 2nd layer which has a perovskite 
structure, respectively and has a zirconium with the 1st layer which does not have the zirconium formed 
so that it might touch mutually, and the interlayer who increase in number in [ zirconium concentration ] 
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inclination. Temperature at the time of thin film formation of this piezoelectric film is made into 500 
degrees C or more, and it is characterized by cooling quickly the between from the temperature at the 
time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees C / more than min, 
and being formed. 

[Claim 8] A fluid injection recording head given in the claim 5 to which the zirconium / titanium ratio in 
the 2nd aforementioned layer are characterized by being set or less [ 30/70 or more ] to 70/30, or any 1 
term of 7. 

[Claim 9] A fluid injection recording head given in the claim 5 characterized by the aforementioned 
piezoelectric film being a single orientation crystal or a single crystal, or any 1 term of 8. 
[Claim 10] A fluid injection recording head given in the claim 5 characterized by for the aforementioned 
piezoelectric film carrying out orientation to a direction (100), and forming it in it, or any 1 term of 9. 
[Claim 1 1] It is a fluid injection recording head given in the claim 5 which the aforementioned 
piezoelectric film carries out orientation to a direction (111), and is characterized by forming the 
aforementioned electrode all over Kushigata in that case, or any 1 term of 9. 
[Claim 12] A fluid injection recording head given in the claim 5 by which the aforementioned 
piezoelectric film is formed in the thickness of 10 micrometers or less, or any 1 term of 1 1. 
[Claim 13] A fluid injection recording head given in the claim 5 by which the aforementioned 
piezoelectric film is formed in 1 -micrometer or more thickness of 4 micrometers or less, or any 1 term 
of 11. 

[Claim 14] The fluid injection recording head according to claim 12 or 13 by which the 1st layer of the 
aforementioned piezoelectric film is formed in 30nm or more thickness of lOOnm or less. 
[Claim 15] A fluid injection recording head given in the claim 5 characterized by equipping the 
aforementioned piezo-electric oscillating section with a diaphragm further, or any 1 term of 14, 
[Claim 16] The fluid injection recording head according to claim 15 to which the aforementioned 
diaphragm is characterized by the bird clapper from nickel, chromium, aluminum, titanium, zircon and 
those oxides and nitrides, silicon, a silicon oxide, the macromolecule organic substance, at least one 
material chosen from the group which it becomes from YSZ, or those layered products. 
[Claim 17] The fluid injection recording head according to claim 15 characterized by for the 
aforementioned diaphragm giving a diaphragm property to the upper part of this soma substrate which 
constitutes a pressure room with an ion implantation, and forming it in it. 
[Claim 18] The fluid injection recording head according to claim 15 characterized by growing 
epitaxially and forming the aforementioned diaphragm on a silicon-single-crystal substrate. 
[Claim 19] A fluid injection recording head given in the claim 5 to which the 2nd layer of the 
aforementioned piezoelectric film is characterized by having antiferroelectricity including niobium and 
tin, and manganese, or any 1 term of 18. 

[Claim 20] A fluid injection recording head given in the claim 5 to which the electrode layer prepared in 
the both sides of the aforementioned piezoelectric film is characterized by being formed by platinum, 
iridium or the electric conduction oxide, and the electric conduction nitride, or any 1 term of 19. 
[Claim 21] This aforementioned soma is a fluid injection recording head given in the claim 5 
characterized by constituting the piezo-electric oscillating section corresponding to each pressure room, 
or any 1 term of 20 by dissociating and preparing one [ at least ] electrode among the electrodes which 
have two or more pressure rooms prepared respectively corresponding to two or more liquid delivery 
and each liquid delivery, and were prepared in the both sides of the aforementioned piezoelectric film, 
so that it may correspond to the aforementioned pressure room. 

[Claim 22] The fluid injection recording head according to claim 21 characterized by dissociating, 
preparing the aforementioned piezoelectric film so that it may correspond to the aforementioned 
pressure room, and forming one electrode on each piezoelectric film by which separation was carried out 
[ aforementioned ]. 

[Claim 23] The aforementioned piezo-electric oscillating section is a fluid injection recording head 
given in the claim 5 to which the periphery is characterized by being directly joined to the periphery of a 
pressure room, without minding adhesives etc., or any 1 term of 22. 
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[Claim 24] This soma which has the pressure room in which it connected with the liquid delivery and 
this liquid delivery, and opening was formed in part. The piezo-electric oscillating section prepared so 
that the aforementioned opening might be plugged up. It is the manufacture method of the fluid injection 
recording head equipped with the above, and is characterized by forming the 1st aforementioned layer so 
that a zirconium may not be included, or so that the amount of a zirconium may decrease as compared 
with the 2nd aforementioned layer. 

[Claim 25] This soma which has the pressure room in which it connected with the liquid delivery and 
this liquid delivery, and opening was formed in part. The piezo-electric oscillating section prepared so 
that the aforementioned opening might be plugged up. It is the manufacture method of the fluid injection 
recording head equipped with the above, and is characterized by forming the 1 st aforementioned layer so 
that a zirconium may not be included, or so that the amount of a zirconium may decrease as compared 
with the 2nd aforementioned layer. 

[Claim 26] The manufacture method of the fluid injection recording head according to claim 25 
characterized by forming all of the 1st aforementioned layer, the 2nd layer, a diaphragm, and an 
electrode by gaseous-phase methods, such as sputtering or CVD. 

[Claim 27] the air-cooling facility in which the equipment which performs sputtering in a claim 26 has 
possible quick cooling — or — or the manufacture method of the fluid injection recording head 
characterized by equipping the facility which made possible things for which a cooling rate is gathered 
compulsorily, such as water cooling 

[Claim 28] The manufacture method of a fluid injection recording head given in the claim 24 
characterized by for etching using the mixed acid of a hydrochloric acid and a nitric acid of the 
aforementioned substrate removing, and making the interior into a pressure room, using a silicon 
substrate as the aforementioned substrate, or any 1 term of 27. 

[Claim 29] The manufacture method of the fluid injection recording head according to claim 28 
characterized by removing the aforementioned substrate by etching using a fluoric acid system solution 
or a pottasium hydroxide solution. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the piezoelectric-device 
structure where it is used for the fluid injection recording head used for an ink-jet recording device, its 
manufacture method, a fluid injection recording head, etc. 
[0002] 

[Description of the Prior Art] In recent years, it has spread simply [ printer / the printer using the ink-jet 
recording device as printers, such as a personal computer, has a good printing performance, and ] 
handling widely from the reasons of a low cost etc. This ink-jet recording device is made to generate a 
foam in record liquid, such as ink, with heat energy, and there are various methods, such as a thing 
which makes a drop breathe out by the pressure wave by the foam, a thing to which the suction 
regurgitation of the drop is carried out by electrostatic force, and a thing which makes a drop breathe out 
using the pressure wave by vibrator like a piezoelectric device, in it. 

[0003] Generally, the thing using the piezoelectric device is equipped with the liquid delivery which was 
open for free passage in the pressure room which was open for free passage in for example, the record 
liquid supply room, and its pressure room, and the diaphragm to which the piezoelectric device was 
joined by the pressure room is prepared, and it is constituted. A drop is made to breathe out from a 
liquid delivery in such composition by making flexural oscillation cause and compressing the record 
liquid of the pressure interior of a room by impressing predetermined voltage to a piezoelectric device 
and making a piezoelectric device expand and contract. Although the ink JIETO recording device of the 
present color has spread, as for the improvement in the printing performance especially high-resolution- 
izing and high-speed printing, and the further, long picture-ization of a recording head is called for. 
Therefore, to realize high resolution and high-speed printing using the multi-nozzle head structure which 
turned the recording head minutely is tried. In order to make a recording head detailed, it is necessary to 
miniaturize the piezoelectric device for making record liquid breathe out. Furthermore, completing the 
whole process in the consistent semiconductor membrane formation process can offer the recording 
head of a long picture with a high precision by the low cost. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the piezoelectric film of this piezoelectric device is 
PbO and Zr02. And Ti02 Since the method of forming by calcinating was adopted after carrying out 
molding processing of the powder at the shape of a sheet, it was difficult to form a piezoelectric film in 
10 micrometers or less thinly. Thus, it was difficult to process a piezoelectric film minutely, and it was 
difficult to miniaturize a piezoelectric device. Moreover, influence of the grain boundary could be 
disregarded no longer by the piezoelectric film formed by calcinating powder in this way, and it was not 
able to acquire a good piezo-electric property as the thickness became thin. Consequently, when the 
piezoelectric film formed by calcinating powder was set to 10 micrometers or less, it had the trouble that 
sufficient piezo-electric property for making record liquid breathe out could not be acquired. For this 
reason, the small recording head which has a property required for the regurgitation of sufficient record 
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liquid was unrealizable until now. 

[0005] Furthermore, these powder sheets are 1000 degrees C or more in elevated temperature, and in 
order to calcinate simultaneously and to obtain ceramics with high density on diaphragms, such as 
ceramics, or a structural member, they cannot disregard the dimensional change by contraction. 
Therefore, about size, there is a limitation naturally, and in the present condition, 20 micrometers is a 
limitation, and it is difficult to arrange many liquid deliveries (nozzle). 

[0006] Moreover, the composition and its manufacture method of the ink-jet recording head by micro 
processing in the semiconductor process using the spatter are proposed by the JP,1 1-348285,A official 
report. This ink-jet recording head is characterized by carrying out orientation membrane formation of 
the platinum on MgO of a single crystal, and considering as the layered product of the layer of a 
perovskite, and the layer of PZT which does not contain Zr layer on it. By the way, one persons, such as 
this invention person, set to Kiyotaka Wasa and the Hayakawa ****** "spatter technology" (1992-9-20, 
Kyoritsu shuppan Co., Ltd. issue). P. since Zr deposits with the priority to a substrate when forming the 
piezo electric crystal containing Zr like PZT so that a detail may be described in 144 - 146 grade 
PbTi03 which a lattice constant is large and moreover is not different excluding Zr beforehand After 
forming PLT, it is shown that the method of forming PZT and PLZT, or introducing a gradual increase 
process on the way, and changing into films, such as PZT, from PLT one by one is already effective. 
[0007] Furthermore, a big trouble as shown below exists in the method proposed by the aforementioned 
official report. 

(1) By the manufacture method given in the aforementioned official report, the single orientation crystal 
or single crystal PZT stabilized with sufficient repeatability is not obtained. 

(2) By the method in the aforementioned official report, the PZT layer which carried out orientation only 
on very expensive single crystal substrates, such as MgO of a single crystal, will not be obtained, but it 
will become a very expensive process. And the single crystal substrate of MgO has a limitation in a size, 
and cannot obtain the substrate of a large area. 

(3) the joint of the pressure room (liquid room) member and a piezo-electric member according [ the 
method in the aforementioned official report ] to adhesives etc., or piezo-electricity — a member — 
junction in near arises and the reliability over the stress of a repeat etc. is not easily acquired in the field 
of the micro machine accompanied by micro processing 

[0008] Then, this invention is made in view of the unsolved technical problem which the conventional 
technology mentioned above has. Even if thickness is thin, develop the thin film material which has a 
piezo-electric big property, and micro processing generally used in the semiconductor process by thin- 
film-izing the piezo electric crystal which constitutes a piezoelectric device, a diaphragm, etc. is made 
possible. It aims at offering the piezoelectric-device structure which can be used for the manufacture 
method of the fluid injection recording head which has the liquid delivery which is a long picture and 
was formed with high density, and a fluid injection recording head with the stable high reliability, and a 
fluid injection recording head. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the piezoelectric- 
device structure of this invention It consists of a piezoelectric film held on the support base and this 
support base, the aforementioned piezoelectric film Have a perovskite structure, respectively and the 1st 
layer formed so that it might touch mutually, and the 2nd layer which has a zirconium are included. 
Furthermore, temperature at the time of thin film formation of this piezoelectric film is made into 500 
degrees C or more, and it is characterized by cooling quickly the between from the temperature at the 
time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees C / more than min 
moreover, and being formed. 

[0010] In the piezoelectric-device structure of this invention, it is desirable that the 1st aforementioned 
layer does not have the zirconium, and it is desirable that the interlayer whom zirconium concentration 
increases in inclination between the 1st aforementioned layer and the 2nd aforementioned layer 
intervenes. Furthermore, it is desirable that there are few zirconium contents of the 1st aforementioned 
layer as compared with the zirconium content of the 2nd aforementioned layer. 
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[001 1] Thus, by having a perovskite structure, respectively, and constituting a piezoelectric film 
including the 1st layer formed so that it might touch mutually, and the 2nd layer, elevated-temperature- 
forming membranes and cooling these quickly, the PZT thin film of a single crystal which has a big 
piezoelectric constant can be obtained, and a piezo-electric property can be made good, and it can be 
made thin, and micro processing is made possible. 

[0012] Moreover, the 1st fluid injection recording head of this invention This soma which has the 
pressure room connected to the liquid delivery and this liquid delivery, and lead, It has the piezo-electric 
oscillating section prepared in a part of aforementioned pressure room coming [ the electrode prepared 
in the both sides of a piezoelectric film and this piezoelectric film which have titanium and a 
zirconium ]. In the fluid injection recording head which makes record liquid breathe out from the 
aforementioned liquid delivery by oscillating the aforementioned piezo-electric oscillating section 
flexurally The aforementioned piezoelectric film comes to contain the 1st layer which does not have the 
zirconium formed so that it might touch mutually [ have a perovskite structure, respectively and ], and 
the 2nd layer which has a zirconium. Temperature at the time of thin film formation of this piezoelectric 
film is made into 500 degrees C or more, and it is characterized by cooling quickly the between from the 
temperature at the time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees 
C / more than min, and being formed. 

[0013] This soma which has the pressure room where the 2nd fluid injection recording head of this 
invention was connected to the liquid delivery and this liquid delivery, It has the piezo-electric 
oscillating section prepared in a part of aforementioned pressure room coming [ the electrode prepared 
in the both sides of a piezoelectric film and this piezoelectric film which have lead, titanium, and a 
zirconium ]. In the fluid injection recording head which makes record liquid breathe out from the 
aforementioned liquid delivery by oscillating the aforementioned piezo-electric oscillating section 
flexurally It comes to contain the 1st layer formed so that the aforementioned piezoelectric film might 
touch mutually [ have a perovskite structure, respectively and ], and the 2nd layer. There are few 
contents of the zirconium of the 1st aforementioned layer as compared with the content of the zirconium 
of the 2nd aforementioned layer. Temperature at the time of thin film formation of this piezoelectric film 
is made into 500 degrees C or more, and it is characterized by cooling quickly the between from the 
temperature at the time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees 
C / more than min, and being formed. 

[0014] This soma which has the pressure room where the 3rd fluid injection recording head of this 
invention was connected to the liquid delivery and this liquid delivery, It has the piezo-electric 
oscillating section prepared in a part of aforementioned pressure room coming [ the electrode prepared 
in the both sides of a piezoelectric film and this piezoelectric film which have lead, titanium, and a 
zirconium ]. In the fluid injection recording head which makes record liquid breathe out from the 
aforementioned liquid delivery by oscillating the aforementioned piezo-electric oscillating section 
flexurally The aforementioned piezoelectric film comes to contain the 2nd layer which has a perovskite 
structure, respectively and has a zirconium with the 1st layer which does not have the zirconium formed 
so that it might touch mutually, and the interlayer who increase in number in [ zirconium concentration ] 
inclination. Temperature at the time of thin film formation of this piezoelectric film is made into 500 
degrees C or more, and it is characterized by cooling quickly the between from the temperature at the 
time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees C / more than min, 
and being formed. 

[0015] Thus, it sets to the fluid injection recording head constituted. By having a perovskite structure, 
respectively, and constituting a piezoelectric film including the 1st layer formed so that it might touch 
mutually, and the 2nd layer, elevated-temperature- forming membranes and cooling these quickly It can 
form so that it may have a piezoelectric constant [ good the 2nd layer and ] containing Zr big thin 
moreover, and micro processing of a piezoelectric film becomes possible and a fluid injection recording 
head can be formed in a long picture it is small and lightweight very with high density. In the fluid 
injection recording head of this invention, in order to raise the piezo-electric coefficient of a 
piezoelectric film further, it is desirable that the zirconium / titanium ratio in the 2nd aforementioned 
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layer are set or less [ 30/70 or more ] to 70/30. 

[0016] In the fluid injection recording head of this invention, as for a piezoelectric film, it is desirable 
that they are a single orientation crystal or a single crystal so that the peculiar piezoelectric constant of 
the material which constitutes a piezoelectric film can be used effectively. 

[0017] Or (100) (1 1 1) it is desirable to carry out orientation to a direction and to be formed in it. the 
fluid injection recording head of this invention ~ setting - a piezoelectric film - Moreover, it sets to the 
piezoelectric film which carried out orientation to the direction (111). The engineer domain has occurred 
in domain structure, the direction of polarization processing makes it possible to be able to do in the 
arbitrary directions in this case, considering as the electrode of Kushigata is desirable so that lateral 
electric field can be applied to a piezo-electric thin film, and high piezoelectric ability can be obtained. 
[0018] In the fluid injection recording head of this invention, a piezoelectric film can be formed in the 
thickness of 10 micrometers or less, and it makes it possible to process the configuration of a 
piezoelectric film minutely. Furthermore, by forming a piezoelectric film in 1 -micrometer or more 
thickness of 4 micrometers or less, while becoming possible to process a piezoelectric film minutely, 
sufficient liquid regurgitation force and the reliability of sufficient piezoelectric film are acquired. And 
by forming the 1st layer of a piezoelectric film in 30nm or more thickness of lOOnm or less, the 2nd 
good layer can be formed, temperature at the time of thin film formation is made into 500 degrees C or 
more, and the piezoelectric constant as a fluid injection recording head is not reduced by cooling quickly 
the between from the temperature at the time of thin film formation to 450 degrees C with the cooling 
rate 30 degrees C / more than min for the cooling rate. 

[0019] In the fluid injection recording head of this invention, when the piezo-electric oscillating section 
is equipped with a diaphragm, those layered products to at least one material chosen from the group 
which the piezo-electric oscillating section can be oscillated flexurally easily and a diaphragm becomes 
from nickel, Cr, aluminum, Ti and those oxides and nitrides, Si, Si oxide, YSZ, and the macromolecule 
organic substance in this case, or a bird clapper is desirable. Furthermore, it is desirable that they are 
formed of sputtering. 

[0020] it being desirable to give a diaphragm property to the upper part of this soma substrate from 
which the aforementioned diaphragm constitutes a pressure room with an ion implantation, and to be 
formed in it in the fluid injection recording head of this invention, doping boron superfluously especially 
on the surface of a silicon-single-crystal substrate, and using as a diaphragm - a silicon-single-crystal 
substrate top - a direct electrode - forming - the piezoelectric film of the two-layer structure - or (100) 
(1 1 1) a direction can be made to be able to carry out orientation and it can form in 
[0021] In the fluid injection recording head of this invention, it is desirable that the aforementioned 
diaphragm is grown epitaxially and formed on a silicon-single-crystal substrate. 

[0022] In the fluid injection recording head of this invention, the 2nd layer of a piezoelectric film may 
be the piezo electric crystal which has the antiferroelectricity containing niobium and tin, and 
manganese. 

[0023] It is desirable to form the electrode layer prepared in the both sides of a piezoelectric film by 
platinum, iridium or the electric conduction oxide, and the electric conduction nitride, and when 
carrying out micro processing of the piezoelectric film by this using etching, it can avoid giving a 
damage to an electrode by the etching reagent in the fluid injection recording head of this invention. It is 
more desirable for the size of a lattice constant not to be separated 30% or more, in order that especially 
the electrode formed on a diaphragm may obtain PZT of a single crystal. 

[0024] In the fluid injection recording head of this invention, this aforementioned soma has two or more 
pressure rooms prepared respectively corresponding to two or more liquid delivery and each liquid 
delivery. It is desirable to constitute the piezo-electric oscillating section corresponding to each pressure 
room by dissociating and preparing one [ at least ] electrode among the electrodes prepared in the both 
sides of the aforementioned piezoelectric film, so that it may correspond to the aforementioned pressure 
room, by such composition Two or more liquid deliveries can produce the fluid injection recording head 
formed very with high density. In this case, it dissociates and a piezoelectric film is prepared so that it 
may correspond to a pressure room, and even if it makes it form on each piezoelectric film from which 
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one electrode was separated, a liquid delivery can produce similarly the fluid injection recording head 
formed with high density. 

[0025] Furthermore, the manufacture method of the fluid injection recording head of this invention This 
soma which has the pressure room in which it connected with the liquid delivery and this liquid 
delivery, and opening was formed in part, The process which is the manufacture method of the fluid 
injection recording head equipped with the piezo-electric oscillating section prepared so that the 
aforementioned opening might be plugged up, and forms a diaphragm and an electrode on a substrate, In 
case the 1st layer which has a perovskite structure containing lead and titanium is formed on this 
electrode substrate and the 2nd layer which has the PEROPUSU kite structure which contains a 
zirconium, lead, and titanium on this 1st layer is formed By making temperature at the time of the thin 
film formation into 500 degrees C or more, and moreover cooling quickly the between from the 
temperature at the time of thin film formation to at least 450 degrees C with the cooling rate 30 degrees 
C / more than min The process which forms the piezoelectric film containing the 1st aforementioned 
layer and the 2nd layer, and the partition stage which separates this piezoelectric film according to a 
pressure room after this piezoelectric film membrane formation, In the process which consists of a 
process which forms a pressure room corresponding to the aforementioned piezoelectric film separated 
while forming the upside electrode, and a junction process which joins the nozzle plate in which the 
liquid delivery was formed, and forms the aforementioned piezoelectric film It is characterized by 
forming the 1st aforementioned layer so that a zirconium may not be included, or so that the amount of a 
zirconium may decrease as compared with the 2nd aforementioned layer. 

[0026] This soma which has the pressure room in which the manufacture method of the fluid injection 
recording head of this invention was connected to the liquid delivery and this liquid delivery, and 
opening was formed in part, It is the manufacture method of the fluid injection recording head equipped 
with the piezo-electric oscillating section prepared so that the aforementioned opening might be plugged 
up. In case the 1st layer which has a perovskite structure containing lead and titanium is formed on a 
support substrate and the 2nd layer which has the PEROPUSU kite structure which contains a 
zirconium, lead, and titanium on this 1st layer is formed While forming the piezoelectric film which 
makes temperature at the time of the thin film formation 500 degrees C or more, moreover cools quickly 
the between from the temperature at the time of thin film formation to at least 450 degrees C with the 
cooling rate 30 degrees C / more than min, and contains the 1st aforementioned layer and the 2nd layer 
The process which forms the piezo-electric oscillating section which has the aforementioned 
piezoelectric film on the aforementioned support substrate, In the process which forms the 
aforementioned piezo-electric oscillating section including the process which the periphery of the 
aforementioned opening of this aforementioned soma and the periphery of the aforementioned piezo- 
electric oscillating section are made to counter without using adhesives, and is joined, and the process 
which removes the aforementioned support substrate after junction It is characterized by forming the 1st 
aforementioned layer so that a zirconium may not be included, or so that the amount of a zirconium may 
decrease as compared with the 2nd aforementioned layer. 

[0027] In the manufacture method of the fluid injection recording head of this invention, it is desirable 
to form all of the 1st aforementioned layer, the 2nd layer, a diaphragm, and an electrode by gaseous- 
phase methods, such as sputtering or CVD, and it becomes possible to form the piezoelectric film which 
consists of the 1st layer and the 2nd layer often [ precision ] and good. 

[0028] In the manufacture method of the fluid injection recording head of this invention, it is desirable 
for etching using the mixed acid of a hydrochloric acid and a nitric acid of the aforementioned substrate 
to remove, and to make the interior into a pressure room, using a silicon substrate as a substrate 
[0029] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained based 
on a drawing. 

[0030] It is the fragmentary sectional view which (a) is the perspective diagram of the fluid injection 
recording head concerning this invention, (b) is a cross section which fractures along with the A-A line 
of (a), and is shown, and (c) expands the piezo-electric oscillating section in the fluid injection recording 
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head concerning this invention in drawing 1 , and is shown. 

[0031] The so-called thin film orientation formation methods, such as conventionally difficult 
sputtering, are used for the fluid injection recording head concerning this invention. Form membranes at 
the elevated temperature of 500 degrees C or more, and, moreover, it consists of temperature at the time 
of thin film formation using the piezoelectric film of the single crystal or single orientation crystal which 
has the thin and big piezoelectric constant formed by cooling quickly the between to at least 450 degrees 
C with the cooling rate 30 degrees C / more than min. It is what has the feature that the interval of a 
liquid delivery can be narrowly formed by the very small and simple manufacture method as compared 
with the conventional fluid injection recording head. And in order to use silicon for the substrate which 
forms the piezoelectric film of a single crystal or a single orientation crystal, the manufacture process 
which used the semiconductor process can be used and a low cost and a fluid injection recording head 
high-density and highly precise moreover can be offered by the long picture. 

[0032] As shown in (a) of drawing 1 , and (b), the fluid injection recording head 1 of this invention is 
equipped with the pressure room 3 prepared corresponding to two or more liquid delivery 2 and each 
liquid delivery 2, and the piezoelectric device 4 prepared in the pressure room 3, respectively, and is 
constituted as follows. In addition, in this drawing, although the liquid delivery 2 is formed in the 
inferior-surface-of-tongue side, it can also prepare in a side side. 

[0033] In the fluid injection recording head 1, the liquid delivery 2 is formed in nozzle plate 2a with a 
predetermined interval, and the pressure room 3 is formed side by side so that it may correspond to this 
soma (liquid room substrate) 6 at the liquid delivery 2, respectively, and each liquid delivery 2 and the 
corresponding pressure room 3 are connected through liquid flow channel 6a formed in this soma 6. 
Moreover, opening 6b is formed in the upper surface of this soma 6 respectively corresponding to each 
pressure room 3, a diaphragm 5 is formed in the upper surface of this soma 6 so that opening 6b may be 
closed, and a piezoelectric device 4 is formed so that it may be located on each opening 6b on this 
diaphragm 5 corresponding to each pressure room 3. 

[0034] Moreover, as shown in (c) of drawing 1 , a piezoelectric device 4 consists of piezoelectric films 9 
with a thickness of 3 micrometers formed between the electrodes 7 and 8 which consist of platinum (Pt) 
which has the thickness of 0.1 micrometers, respectively, and two electrodes 7 and 8, and is prepared on 
a diaphragm 5. Here, a diaphragm 5 consists of a YSZ layer (it is also called an yttrium suitor villa 
IZUDO zirconia or a stabilized zirconia) whose thickness of a vibrating part is 3 micrometers. The 
piezo-electric oscillating section 10 is formed of a piezoelectric device 4 and a diaphragm 5 as 
mentioned above. 

[0035] Vibration also with a good low battery can be carried out by using the perovskite type PZT thin 
film material which is the oxide which consisted of lead, titanium, and a zirconium as a material of a 
piezoelectric film 9. In addition, it is general formula Pb(Zrx Ti 1-x) 03 which contains Pb, Zr, and Ti in 
this specification when only calling it PZT. The piezoelectric material expressed shall be said. 
Composition of this PZT thin film is Pb(Zr0.53Ti0.47) 03. It is shown clearly with the sintered compact 
that piezoelectric [ maximum ] is shown in a case. However, it is not easy to form the thin film of this 
composition on a direct electrode. 

[0036] Then, in this invention, as shown in (c) of drawing 1 , a piezoelectric film 9 is constituted from 
two-layer. PbTi03 which the 1st layer of Zr does not contain as 1 1 Or PbTi03 TiO (Pb, La)3 (only 
henceforth PLT) which added the lanthanum is formed, the 2nd layer as 12 Pb(Zr0.53Ti0.47) 03 Form 
the layer of composition and temperature at the time of thin film formation is made into an elevated 
temperature (500 degrees C or more). By quenching with the cooling rate 30 degrees C / more than min, 
the quality piezo-electric thin film (piezoelectric film 9) which has a good piezo-electric property is 
formed until it becomes at least 450 degrees C or less from the temperature at the time of thin film 
formation. 

[0037] Namely, PbTi03 which the 1st layer of Zr does not contain as 1 1 as shown in (a) of drawing 2 
Or PbTi03 PLT which added the lanthanum is formed, the 2nd layer as 12 Pb(Zr0.53Ti0.47) 03 It finds 
out that the quality piezo-electric thin film which has a good piezo-electric property can be formed, and 
is made to complete by forming the layer of composition, elevated-temperature-forming membranes and 
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cooling quickly as mentioned above. 

[0038] Hereafter, the piezoelectric film which consists of two-layer is further explained to a detail. 
[0039] As mentioned above, if PZT has a good piezo-electric property and the ratio of Zr/Ti becomes 
abbreviation 50/50, having a piezo-electric, very high coefficient is known. However, PZT is difficult to 
form a good film using the thin film formation methods, such as a spatter and CVD, and the inclination 
is so remarkable that the ratio of Zr to Ti becomes large. In the thin film morphosis, the oxide of Zr 
sticks to a substrate front face, and it is known that it is for checking subsequent film growth so that the 
cause may be indicated in the aforementioned "spatter technical" (Kyoritsu shuppan Co., Ltd.) P. 144 - 
146 grade. Moreover, when it is going to grow up a PZT film on Pt electrode, the still more remarkable 
thing of the inclination is also clear, however, PbTi03 Or PbTi03 La - about 10mol% — a good PZT 
film can be created, without depositing Zr oxide, if the thin film formation method is used on TiO(Pb, 
La)3 to which it added and crystallization temperature was reduced (namely, PLT) and PZT is grown up 
into it However, this invention person etc. found out having a role with the temperature of membrane 
formation and the cooling rate from a membrane formation point in time very important in order to 
obtain a uniform single orientation crystal or a uniform single crystal to obtain [ in order to obtain the 
single orientation crystal or single crystal thin film of one shaft which it is going to obtain by this 
invention, it is not enough, and ] a completely uniform single orientation crystal or a single crystal thin 
film, as a result of inquiring wholeheartedly. 

[0040] For example, as shown in (a) of drawing 2 , it is PbTi03 as 1 1 the 1st layer on a support 
substrate. Or PLT is formed, in case the 2nd layer of PZT is formed as 12 on it, temperature at the time 
of membrane formation is made into 600 degrees C, and the result which investigated the rate of 
orientation of PZT when boiling and changing various cooling rates of a before [ from the temperature at 
the time of membrane formation / at least 450 degrees C ], and forming membranes is shown in drawing 
3 and drawin g 4 It is PbTiO(as 1st layer) 3 on the support substrate which becomes drawing 3 from 
MgO (100)/Pt. 0.2 micrometers forms membranes, when forming 2.8 micrometers (as the 2nd layer) of 
PZT(s) on it, temperature at the time of membrane formation is made into 600 degrees C, and the result 
which investigated the rate of orientation of PZT when boiling and changing various cooling rates of a 
before [ from the temperature at the time of membrane formation / 450 degrees C ], and forming 
membranes is shown In this case, it is PbTi03 on Pt which carried out orientation to c axis. When a 
cooling rate is changed and membranes are formed, it is PbTi03 by the cooling rate. The sense of 
orientation is an a-axis, is c axis, or is those mixture further, furthermore, the case where PZT is formed 
on it — continuation — be — be discontinuous — the single crystal film of axial orientation similarly 
influenced of the cooling rate is obtained Especially when a cooling rate is made slow, a single 
orientation crystal or single crystal growth is not obtained for the film on it. Although the reason is not 
certain, the portion of a-axis orientation may be seen from the analysis of an X-ray. However, by cooling 
quickly with the cooling rate 30 degrees C / more than min, moreover, the rate of c axis orientation 
becomes 80% or more thinly good about PZT containing Zr, and the c axis orientation single crystal 
which has a big piezoelectric constant can be formed. Furthermore, if a cooling rate is set to 60 degrees 
C/min, the rate of c axis orientation will become 95% or more. Thus, by cooling quickly with the 
cooling rate 30 degrees C / more than min, the PZT thin film of a single crystal which has the big 
piezoelectric constant which carried out orientation to c axis can be formed. Moreover, on the support 
substrate which becomes drawing 4 from Si(l 1 1)/YSZ(1 1 1)/Pt (as the 1st layer) PbTi03 When 0.2 
micrometers forms membranes and 2.8 micrometers (as the 2nd layer) of PZT(s) are formed on it 
temperature at the time of membrane formation is made into 600 degrees C, and the result which 
investigated the rate of orientation of PZT when boiling and changing various cooling rates of a before 
[ from the temperature at the time of membrane formation / 450 degrees C ], and forming membranes is 
shown If temperature at the time of membrane formation is made into 600 degrees C and the between 
from the temperature at the time of membrane formation to 450 degrees C is moreover cooled quickly 
with the cooling rate 30 degrees C / more than min for a cooling rate so that this result may also show, 
the rate of axial (1 1 1) orientation becomes 80% or more, and can form the single crystal of the axial 
orientation which has a good and piezoelectric constant big thin moreover for PZT containing Zr (1 1 1). 
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Furthermore, if a cooling rate is set to 60 degrees C/min, the rate of axial (1 1 1) orientation will become 
95% or more. Thus, by cooling quickly with the cooling rate 30 degrees C / more than min, the PZT thin 
film of a single crystal which has the big piezoelectric constant which carried out orientation to the shaft 
(111) can be formed. 

[0041] namely, — if the ground electrode which has a lattice constant of the same grade as PZT by 
elevated-temperature membrane formation and quick cooling is (100) — PLT (100) and PZT (100) — 
further, if a ground electrode is (1 1 1), PLT (1 1 1) and PZT (1 1 1) will be obtained 

[0042] Moreover, although 12 [ layer / 1st / layer / 2nd ] other than the structure shown in (a) of drawing 
2 is formed / both / by PZT with 1 1 about the two-layer structure of a piezoelectric film as shown in (b) 
of drawing 2 The 1st layer of the content of Zr of 1 1 lessens the 2nd layer as compared with the content 
of Zr of 12, and the temperature at the time of membrane formation is above 500 degrees C. A cooling 
rate can acquire the same effect with having mentioned above also in the piezoelectric film 9 formed by 
the quick cooling 30 degrees C / more than min. Pb(Zrx Ti 1-x) 03 [ namely, ] set as x< 0.3 as a 
piezoelectric material of the 1st layer (initial layer) which constitutes a piezoelectric film The layer 
which contains La in the becoming PZT layer or its layer further is used, from — Pb(Zrx Ti 1-x) 03 set 
as 0.7>=x>=0.3 as the 2nd layer from — even if it forms using the becoming PZT layer, crystallinity is 
good and can form the 2nd comparatively large layer of a piezoelectric constant Pb(Zrx Ti 1-x) 03 [ in 
addition, ] especially set as x< 0.2 as the 1st layer in this case from — it is desirable to use the layer 
which contains La in the becoming PZT layer or its layer further These can also obtain an outstanding 
piezoelectric material by performing membrane formation temperature above 500 degrees C, and 
cooling a cooling rate quickly to at least 450 degrees C or less similarly, 30 degrees C / above min. 
[0043] Furthermore, PbTi03 which does not contain the 1st layer of Zr as 1 1 as shown in (c) of drawing 
2 or from PLT Zr concentration is made to increase continuously and it is Pb(Zr0.5 Ti0.5) 03. The same 
effect is acquired with having mentioned above, even if it used the piezoelectric film which forms the 
2nd layer of PZT as 12 through the interlayer 13 who has the composition inclination continuously 
changed to neighboring composition. This is indicated by the aforementioned "spatter 
technical" (Kyoritsu shuppan Co., Ltd.) P. 144 - 146 grade. 

[0044] As mentioned above, when producing a fluid injection recording head using a semiconductor 
process, it is the point with the outstanding producible fluid injection recording head how a diaphragm is 
grown epitaxially on a single crystal substrate and membranes can be further formed according to the 
lattice constant of a request of an electrode. 

[0045] All explain the composition and its manufacture method of the fluid injection recording head 
which succeeded in orientation until it results [ from the substrate which this invention person etc. 
formed in below ] in piezo-electric material. 

[0046] First, the manufacture method of the fluid injection recording head of this invention is explained 
with reference to drawing 5 illustrating the main process. 

[0047] As shown in (a) of drawing 5 , YSZ(stabilized zirconia) 21 was grown up epitaxial by sputtering 
at the substrate temperature of 800 degrees C on the single crystal (100) silicon substrate 20 (500 
micrometers), and the thickness was set to 3 micrometers. Under the present circumstances, the front 
face was washed by KOH for the purpose of the oxide-film removal on the front face of silicon. 
Furthermore, in order to prevent oxidization, you may form Metal Zr. The YSZ layer 21 acts as a 
diaphragm. And the Pt electrode layer (common electrode) 22 which carried out orientation is formed 
with 0.1 -micrometer thickness on the YSZ layer 21. In order to obtain Pt film which carried out 
orientation on the occasion of membrane formation of this Pt electrode layer 22, it is Si02 as a buffer 
film on the YSZ layer 21. Ti02 Membranes can be formed one by one and the Pt electrode layer 22 can 
also be formed on it. 

[0048] Subsequently, as shown in this drawing (b), the piezoelectric film 23 of two-layer structure is 
formed by rf spatter on the Pt electrode layer 22 which carried out orientation, here, a piezoelectric film 
23 consists of PZT containing 1st layer of 24 and Zr which consists of a lead system dielectric (PbTi03) 
which does not contain Zr — as 25 [ layer / 2nd ] was mentioned above, temperature at the time of 
membrane formation is made into 500 degrees C or more, and a cooling rate is formed 30 degrees C / 
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above min Thus, the constituted piezoelectric film 23 uses the YSZ orientation film 21 as a diaphragm 
(100) as it is using the orientation side (100) of the silicon-single-crystal substrate 20, and the single 
crystal film which carried out orientation also of the PZT which formed membranes on the Pt electrode 
layer 22 which carried out orientation to the direction (100) is obtained. In addition, in an electrode 
layer, the single crystal film with which PZT on it carried out orientation also of also carrying out 
epitaxial growth on a diaphragm to the direction (100) is obtained in electrode layers, such as Ir(s) other 
than Pt, Ir 203, and SRO. Thus, since the silicon substrate and the grid match at the time of formation of 
a diaphragm, adhesion intensity is also strong, and moreover, since mechanical fatigue strength is also 
strong, as a diaphragm of a recording head, it is the optimal [ the YSZ layer itself]. Generally, this 
invention person etc. was combining [ the membrane formation conditions of PZT used as the 
polycrystalline substance ] membrane formation for a single-crystal-silicon substrate, an orientation 
diaphragm, an electrode, and a buffer film in consideration of matching of each grid, succeeded in 
obtaining PZT of (100) and used the silicon processing process that a fluid injection recording head 
should be completed in the consistent semiconductor process. 

[0049] Subsequently, as shown in this drawing (c), patterning is carried out, a piezoelectric film 23 is 
separated so that it may become the divided configuration corresponding to each pressure room 26, and 
etching removal of the silicon substrate 20 is partially carried out with a fluoric acid system solution or a 
pottasium hydroxide solution, and a part of silicon substrate 20 is used as a structural member of the 
pressure room 26. And the up electrode (individual electrode) 29 was formed on the piezoelectric film 
23. 

[0050] After that, as shown in this drawing (d), alignment of the nozzle plate 27 in which two or more 
liquid deliveries 28 are formed was carried out to the pressure room 26 bottom of a silicon substrate 20, 
it joined, and the recording head was completed. 

[0051] In addition, when **********j n g dissociating so that it may correspond to each pressure 
room 26, as a piezoelectric film 23 is shown in drawing 6 , it is desirable to make width of face (d) of 
each piezoelectric film 23 smaller than the width of face (D) of the pressure room 26, and 60 to 90% of 
the rate is desirable. Moreover, between the separated piezoelectric films 23, when separating and 
forming a piezoelectric film 23, since a piezoelectric film can be vibrated without being filled up with 
the rigid low resin which does not check expansion and contraction of a piezoelectric film, for example, 
polyimide resin, and checking expansion and contraction of the longitudinal direction of a piezoelectric 
film by this, an oscillation characteristic is not degraded and reliability of a recording head can be made 
high. Furthermore, as shown in (b) of drawing 7 , when the portion which does not have a piezoelectric 
film 23 thickly [ the portion with a piezoelectric film 23 ] (tl) makes thickness (tl) of a diaphragm 21 
thin (t2), it is desirable to be able to obtain the big amount of displacement and to be especially referred 
to as t2/tl <=0.8. 

[0052] Moreover, the YSZ film which carried out orientation in the direction (100) through the buffer 
film on the single crystal (111) silicon substrate is formed, and it is Si02 on it. If ZrN is formed as a 
buffer film and Pt electrode layer is further formed on it, Pt electrode layer can form PZT which carried 
out orientation to the direction (100) and which carried out orientation to (100) on it. YSZ which carried 
out orientation in the direction (111) through the buffer film on the single crystal (100) silicon substrate 
is formed further again, and it is Si02 on it. ZrN is formed as a buffer film and Pt film is formed on it. 
At this time, Pt electrode layer can obtain PZT which carried out orientation to (1 1 1) by carrying out 
orientation to a direction (111) and forming PZT on the Pt electrode layer. Orientation of the YSZ at this 
time can be carried out to a direction (111), and let it be the diaphragm excellent in crystallinity. 
Furthermore, it was also possible to have obtained PZT which the direction (111) was made to carry out 
orientation of the YSZ using a single crystal (111) silicon substrate, and carried out orientation to the 
direction similarly (1 1 1). 

[0053] Next, other manufacture methods of the fluid injection recording head of this invention are 
explained with reference to drawing 8 illustrating the main process. 

[0054] In that Orientation PZT is used, although this example is the same, it uses the surface layer of 
silicon as a diaphragm as it is rather than forms a diaphragm on silicon, and forms on it the orientation 
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single crystal film of PZT which this invention person etc. invented. 
[0055] The step is explained below. 

[0056] As shown in (a) of drawing 8 , B (boron) is superfluously doped on the front face of the silicon- 
single-crystal substrate 30. An ion implantation performs to the concentration of the 13th power of 10. 
Especially acceleration voltage is controlled, an ion implantation is performed from a front face to the 
place of about 3 micrometers, B dope layer 3 1 is formed in the front face of a silicon substrate 30, and 
this is used as a diaphragm. 

[0057] Next, the Pt electrode (common electrode) 32 is formed on B dope layer 31. It is Ti02 in order to 
acquire the orientation side of Pt also in this case. Si02 You may use as a buffer film. At this example, 
they are Ti02 of 1000A, and Si02 of 200A. After forming membranes on the single-crystal-silicon 
substrate 30, the Pt electrode 32 was formed. The obtained Pt electrode 32 was carrying out epitaxial 
growth to (1 1 1). Although the lattice image of the cross section by transverse electromagnetic was 
observed besides X-ray observation, it was observed that the crystal is regularly located in a line. 
[0058] And as shown in this drawing (b), PbTi03 34 (the 1st layer) and the piezoelectric film 33 which 
consists of PZT (the 2nd layer)35 were formed on the Pt electrode 32. Each thickness was 0.1 
micrometers and 2.9 micrometers, respectively, and by this example, using the pluralism sputtering 
system, after forming membranes at an elevated temperature continuously, it was cooled quickly. 
[0059] Next, the piezoelectric film 33 was etched. By having used the resist as the mask, it etched by the 
**** phosphoric acid so that it might become 70% of width of face to the width of face of the pressure 
room 36, and the piezoelectric film 33 was separated (this drawing (c)). And the portion which hits the 
pressure room 36 by the side of a silicon substrate 30 was removed by the dry etching using the high 
vacuum method (this drawing (d)). 

[0060] And as shown in this drawing (e), the up electrode (individual electrode) 39 was formed on the 
piezoelectric film 33, finally the nozzle plate 37 which formed the liquid delivery (nozzle) 38 was 
formed by silicon or SUS, it joined to the direct pressure room 36, and the fluid injection recording head 
was completed. 

[0061] Moreover, the MgO single crystal layer with a thickness of 0.2 micrometers which used and 
formed the spatter on it could be used using the about 3 -micrometer epidermis layer which 10 doped B 
(boron) about the 13th power in the silicon-single-crystal layer, and was obtained as a diaphragm 31, 
and each constituted the common electrode 32 and the individual electrode 39 from a 0.1 -micrometer Pt 
layer. In order to obtain a good liquid discharging performance, as for the thickness of the epidermis 
layer 31, it is desirable equivalent to a piezoelectric film 33 or that it is the thickness not more than it. 
[0062] As for a piezoelectric film 33, it is desirable to form so that it may become narrower than the 
width of face of the pressure room 36 where the width of face of a piezoelectric film 33 corresponds. 
However, as this invention vibrates only the portion corresponding to each pressure room among 
piezoelectric film layers, you may make it make record liquid breathe out by not being limited to this, 
making the individual electrode 29 correspond to each pressure room 36, and forming it using one 
piezoelectric film which is not separated. 

[0063] Moreover, polyamide resin can also be embedded as a filler between the separated contiguity 
piezoelectric films 33. In addition, since a piezoelectric film can be vibrated without checking expansion 
and contraction of the longitudinal direction of a piezoelectric film by not being limited to polyimide 
resin, being able to use it as a filler if it is a comparatively rigid low material, and using a comparatively 
rigid low material as a filler in this way, an oscillation characteristic is not degraded. For example, a 
maximum of 800nm was able to be changed by setting width of face of the pressure room 36 to 70 
micrometers, and impressing the voltage of 10V, when the width of face of a piezoelectric film 33 is 
formed so that it may become narrow a little from the width of face of the pressure room 36. 
[0064] As mentioned above, in this example, a piezoelectric film 33 is created like the example 
mentioned above, using the thin film formation methods, such as sputtering, as two-layer structure of the 
1st layer and the 2nd layer. And by doping boron on the surface of a silicon-single-crystal substrate 
superfluously, and using for it as a diaphragm, a direct electrode is formed on a silicon substrate, the 
orientation of the piezoelectric film of the two-layer structure can be made to be able to carry out in 
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(100) and the direction (111), and it can be formed in them. Under the present circumstances, it is Si02 
between platinum and silicon. Ti02 You may use a buffer film. Furthermore, MgO can also be used as a 
buffer film. 

[0065] Moreover, if the thickness of this piezoelectric film 32 is set to 10 micrometers or more, since 
micro processing will become difficult, as for especially the thickness of a piezoelectric film 32, it is 
desirable to set it as 8 micrometers or less 10 micrometers or less. 

[0066] The skin layer made superfluous B (boron) dope is used for the front face as a diaphragm, using a 
silicon single crystal as a substrate. After growing up MgO epitaxial on it and forming on it the 1st layer 
(initial layer) which does not contain Zr, It is a general formula (Pbl-x Lax) (Zrl-y Tiy) 03 on the initial 
layer. The piezoelectric film which carried out orientation can be formed by forming the piezoelectric 
film with which it is expressed. Thus, general formula Pb(Zrl-y Tiy) 03 To the piezoelectric film with 
which it is expressed, by adding La, crystallization temperature can be lowered and it can raise 
piezoelectric [ of a thin film piezoelectric film ]. Furthermore, 0(Zr(Pbl-x Lax)l-y Tiy) 3 of the single 
crystal formed by doing in this way As compared with the poly crystalline substance of this composition, 
one 10 times the piezoelectric constant of this can be obtained. Moreover, as a method of forming a 
piezoelectric film, the film of a crystalline good single crystal can form by the early rate of 
sedimentation 1 micrometers or more by using a spatter or CVD in 1 hour. Furthermore, a piezoelectric 
film can be grown up by using platinum or a ruthenium oxide as an electrode material, maintaining a 
good interface property. Moreover, you may use ZrN and TiN instead of MgO. And this method has the 
effect which was very excellent in a process being simplified in the field of mass-production nature and 
cost. 

[0067] Next, other manufacture methods of the fluid injection recording head of this invention are 
explained with reference to drawing 9 illustrating the main process. 

[0068] By separating the process which forms PZT using a middle imprint object, the process which 
creates a pressure room (liquid room), and the process which joins them rather than forming PZT on a 
direct substrate, the fluid injection recording head of this example is a semiconductor process, and 
becomes possible [ separating the membrane formation process using lead ]. And junction to the 
substrate from which a lattice constant differs can also obtain firm junction easily, and it has the 
different feature from the example mentioned above. Since it turns out that an amorphous interlayer is 
formed by applying the temperature of 150 to 400 degrees C, and junction of atomic level is obtained, 
especially the direct junction technology with a substrate with Si substrate and the diaphragm of a PZT 
single crystal and a single crystal is that temperature low-temperature-izes, and the width of face of 
material selection of a substrate including a pressure room spreads, and it may make cost cheap. 
[0069] Hereafter, the manufacture method of the fluid injection recording head of this example is 
explained, referring to drawing 9 . 

[0070] First, as shown in (a) of drawing 9 , the upper surface of the single crystal MgO substrate 40 
which has the field (111) of 3cm angle as the upper surface is made to carry out orientation of the Pt 
electrode layer 41 of a single crystal, and it forms in it at the thickness of 0.1 micrometers. 
[0071] Next, as shown in this drawing (b), patterning of the Pt electrode layer 41 is carried out using dry 
etching (based on Ar ion in a vacuum) so that it may correspond to each pressure room, and it separates 
into the individual electrode 41 . 

[0072] after that, it is shown in this drawing (c) ~ as ~ PbTi03 from it becomes - 42 [ layer / 1st / 
(initial layer) ] is formed in the thickness of about 0.01 micrometers, and the PZT thin film 43 is formed 
by sputtering on 1st layer 42 at the thickness of about 3 micrometers In addition, substrate temperature 
was set as the temperature of 500 to 600 degrees C, grew up the film, and made the cooling rate cool 
quickly by 50 degrees C/min in this case. 

[0073] And as shown in this drawing (d), patterning of the piezoelectric film 44 which consists of 42 
and a PZT thin film 43 the 1st layer is carried out by etching using the strong acid nature solution, and it 
separates into the individual piezoelectric film 44 so that it may correspond to each pressure room. 
[0074] A common electrode is formed on each separated piezoelectric film 44. In addition, a diaphragm 
can be made serve a double purpose and used as a common electrode, and the process which forms 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/21/2003 



Page 12 of 15 



especially a common electrode in this case is not needed. The example shown in drawing 9 uses a 
diaphragm 46 also [ electrode / common ]. 

[0075] Moreover, as shown in this drawing (e), Ti shall be formed in thickness of about 3 micrometers 
on the single crystal substrate 45 of silicon, this shall be made into a diaphragm 46, and it shall serve as 
a common electrode. 

[0076] And as shown in this drawing (f), etching removal of the silicon substrate 45 is partially carried 
out with a fluoric acid system solution or a pottasium hydroxide solution, and the pressure room 47 and 
a liquid flow channel are formed in a silicon substrate. 

[0077] After that, as shown in this drawing (g), alignment of the piezoelectric film 44 is carried out to 
the Ti layer 46 of a substrate book soma, the substrate book soma which consists of the MgO substrate 
40 in which the piezoelectric film 44 and the electrode 41 grade were formed as mentioned above, a 
silicon substrate 45 in which the pressure room 47 grade was formed, and a Ti diaphragm 46 is laid on 
top of it, and it joins, without using adhesives. Of this, the piezoelectric film 44 which consists of the 
pressure room 47, a diaphragm 46, and PZT is formed in one. 

[0078] Next, as shown in this drawing (h), an acidic solution removes the MgO substrate 40. By using a 
phosphoric acid solution as this acidic solution, without giving a damage to a piezoelectric film 44, it 
can be stabilized and the MgO substrate 40 can be dissolved. 

[0079] Furthermore, as shown in this drawing (i), a fluid injection recording head is produced by 
attaching in a substrate book soma the nozzle plate 48 which formed the liquid delivery (nozzle) 49 of 
the diameter of 10 micrometer at the predetermined intervals, and joining so that each liquid delivery 49 
may be opened for free passage in the pressure room 47, respectively. 

[0080] Moreover, in accordance with the flow shown in drawing 10 , a fluid injection recording head is 
also producible as a modification of this example. 

[0081] Also in this example, as shown in (a) of drawing 10 , the upper surface of the single crystal MgO 
substrate 50 which has the field (1 1 1) of 3cm angle as the upper surface is made to carry out orientation 
of the Pt electrode layer 51 of a single crystal, it forms in the thickness of 0.1 micrometers, and the 
initial layer (the 1st layer) 52 which consists of PLT is formed in the thickness of about 0.01 
micrometers. And the PZT thin film 53 is formed by sputtering on the initial layer 52 at the thickness of 
about 3 micrometers. In addition, substrate temperature was set as the temperature of 500 to 600 degrees 
C, grew up the film, and made the cooling rate cool quickly by 50 degrees C/min in this case. 
[0082] As shown in this drawing (b), patterning of the piezoelectric film 54 which consists of an initial 
layer 52 and a PZT thin film 53, and the Pt electrode layer 51 is carried out by etching, they are divided 
into an individual electrode layer 51 and an individual piezoelectric film 54 so that it may correspond to 
each pressure room, and Ti as a diaphragm 56 is formed on it after that at the thickness of about 3 
micrometers. This diaphragm 56 serves as a common electrode. 

[0083] Subsequently, it joins directly, without using adhesives for a silicon substrate 55 and the PZT 
middle imprint object of the MgO substrate 50 with which the piezoelectric film 54 and the electrode 51 
grade were formed, as shown in this drawing (c). 

[0084] After that, as are shown in this drawing (d), and an acidic solution removes the MgO substrate 50 
and it is shown in this drawing (e), etching removal of the silicon substrate 50 is partially carried out 
with a fluoric acid system solution or a pottasium hydroxide solution, and the pressure room 57 is 
formed in a silicon substrate 55. 

[0085] And as shown in this drawing (f), a fluid injection recording head is produced by attaching in a 
silicon substrate 55 the nozzle plate 58 which formed the liquid delivery (nozzle) 59 at the 
predetermined intervals, and joining so that each liquid delivery 59 may be opened for free passage in 
the pressure room 57, respectively. 

[0086] In addition, they form a common electrode first in addition to this, and although patterning of 
them is carried out before piezoelectric films 44 and 54 and the individual electrodes 41 and 51 form a 
common (it was made to serve a double purpose by diaphragms 46 and 56) electrode, they may be made 
to carry out patterning of piezoelectric films 44 and 54 and the Pt individual electrodes 41 and 51 by the 
manufacture method explained with reference to drawing 9 and 10, after etching the MgO substrates 40 
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and 50. 

[0087] Since according to the manufacture method explained above a thin piezoelectric film with a 
piezo-electric sufficient property can be formed and the piezoelectric device corresponding to the very 
small pressure room can be formed by applying the ultra-fine processing technology used for 
manufacture of a semiconductor in the thin piezoelectric film, the ink-jet head in which the liquid 
delivery was formed by high density is producible. 

[0088] In addition, in each above example, although a concrete material and a concrete number were 
mentioned and explained suitably, this invention is not limited to the material or the number which were 
mentioned above. 

[0089] Moreover, speaking of the 1st layer (initial layer) in a piezoelectric film, in drawing 2 , 1 1 is a 
layer with crystallinity being good for forming 12 [ layer / 2nd ], and 12 is bearing chiefly the 1st layer 
of the 2nd layer of the function as a film to have piezoelectric. Therefore, as the thickness of 1 1 is thin 
so that the piezo-electric property as the whole piezoelectric film 9 may not be reduced as long as the 
good function to form 12 [ layer / 2nd ] is achieved, it is better. / of the 1st layer When this invention 
person etc. uses the good sputtering system of thickness-control nature, even if 1 1 is 5nm or less, it is 
checking the 1st layer of the thing for which the function can be demonstrated enough. However, when 
Pt electrode is covered without nonuniformity and the management on a manufacturing process etc. is 
taken into consideration, it is desirable to set it as the range of 30nm - lOOnm. If it is set as this range, it 
can avoid reducing substantially the piezo-electric property as the whole piezoelectric film 9, and the 
good effect of forming 12 [ layer / 2nd ] can be achieved enough, and it can lessen also making the 
production control burden in the process which moreover forms a piezoelectric film 9 increase. In 
addition, at the 1st example, it is PbTi03 of 0.2 micrometers of thickness as 1 1 the 1st layer. It is Pb 
(Zr0.53Ti0.47) 03 of 2.8 micrometers of thickness as a layer and the 2nd layer 12. By considering as the 
PZT layer which has composition, it is checked that the fluid injection recording head which has 
sufficient liquid regurgitation capacity also in a low battery is producible. 

[0090] Moreover, although [ which consists of PZT(s) ] the 2nd layer especially of the thickness of 12 is 
not limited, since membranous formation time will become long if thickness becomes thick when 
forming using the thin film formation method, it is desirable in this invention, to set it especially as 8 
micrometers or less 10 micrometers or less. Moreover, in order to carry out patterning with a sufficient 
precision corresponding to it if it takes into consideration that it will be necessary to narrow the interval 
of a liquid delivery future increasingly although patterning of the piezoelectric film 9 is carried out to 
the predetermined configuration corresponding to each pressure room after membrane formation, 
respectively, as for the thickness of a piezoelectric film 9, it is still more desirable to set it as 5 
micrometers or less. Moreover, when membranous intensity and the membranous stress to generate are 
taken into consideration, as for the thickness of a piezoelectric film 9, it is desirable to set it as 0.5 
micrometers or more. According to our examination, it is most desirable to set the thickness of a 
piezoelectric film 9 as the range of 1-4 micrometers, and it is checked by setting it as this range that it is 
stabilized, and record liquid, such as ink, can be made to be able to fly, and membranous reliability can 
be maintained more than fixed. 

[0091] In the example illustrated to drawing 9 , although the substrate book soma was formed using 
silicon 45 and titanium 46, it is not restricted to this but photosensitive organic polymeric materials, a 
photosensitive glass, a metal simple substance, etc. may constitute it. 

[0092] Moreover, a diaphragm (a sign 5 shows drawing 1 ) becomes easy [ micro processing ] by using 
thin film processes, such as a spatter. Although YSZ metallurgy group titanium (Ti) was used in the 
example mentioned above as the material, they are metals, such as not only this but nickel, chromium, 
aluminum, etc., or Si02. It can use. These metals could also be easily formed with a spatter, vacuum 
deposition, and plating, and the good oscillation characteristic was able to be acquired like titanium 
metal. Moreover, even if it uses an alumina for a diaphragm, it is titanium metal and Si02. The same 
effect could be acquired and it has formed easily by the sputtering method. In addition, the resin of a 
polyimide system could also be used as a diaphragm, and the resin of this polyimide system could be 
easily formed by the spin coat method, and the micro processing was also easy, and it was the material 
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for which it was suitable as a diaphragm of a fluid injection recording head. Furthermore, endurance and 
toughness can also be given, using the laminar composite of ceramics and a metal as a diaphragm. 
[0093] Even if it forms a diaphragm using each above material, there is no degradation of a crack arising 
during vibration, and sufficient vibration to carry out the regurgitation of the record liquid can be 
generated. Moreover, even if it uses the oxide of each metal as a material of a diaphragm, the same 
oscillation characteristic can be acquired. Furthermore, as a diaphragm, manufacture of an element can 
be made easy by using a photosensitive polyimide. 

[0094] It sets in the above composition and is a pressure room (a sign 3 shows drawing 1 .). the 
following — being the same — Si02 whose thickness is 2 micrometers about the facing diaphragm (5) a 
layer — carrying out — as the 2nd layer (12) of a piezoelectric film (9) ~ Pb(Zr0.5 Ti0.5) 03 When the 
electrode (7 and 8) which consists of a PZT thin film with a thickness of 3 micrometers shown by the 
empirical formula and platinum with a thickness of 0.1 micrometers was used, a good flexural 
oscillation was able to be generated also in the voltage not more than 50V. However, in this invention, 
the thickness of a diaphragm (5) is not restricted to above-mentioned 2 micrometers, and is suitably set 
up in consideration of the peculiar oscillation characteristic of the material which constitutes the piezo- 
electric property of a piezoelectric film (9) and thickness, and a diaphragm 4 etc. 

[0095] Moreover, in this invention, the piezoelectric film which consists of a lead system dielectric layer 
which has a perovskite structure was able to be formed with sufficient crystallinity by using platinum, 
iridium, or a ruthenium oxide as an electrode on a substrate. Even if it uses the piezoelectric film formed 
on the electrode which consists of which material, property variation can form two or more few 
piezoelectric films, and can lessen dispersion between the elements of liquid regurgitation capacity. 
Moreover, although it can also consider as the electrode which continued over two or more piezoelectric 
films about the common electrode In the piezoelectric film which could also make the comb 
configuration as an individual electrode for every piezoelectric film, and carried out orientation to the 
direction (111) especially It is desirable for the engineer domain to be generated in domain structure and 
for the direction of polarization processing to make it possible to be able to do in the arbitrary directions 
in this case, and to consider as the electrode of Kushigata so that lateral electric field can be applied to a 
piezo-electric thin film. Thereby, high piezoelectric ability can be obtained. 

[0096] Moreover, although carried out using the solution of strong acid nature, such as fluoric acid and a 
nitric acid, in micro processing of a PZT thin film, by using platinum, iridium, or a ruthenium oxide as 
an electrode, it can prevent that an electrode material corrodes and an element can be created stably. 
Moreover, as for PZT used as a piezoelectric material of the 2nd layer which constitutes a piezoelectric 
film, it is desirable to use the PZT layer which has the Zr/Ti ratio which has a good piezo-electric 
property within the limits of 30 / 70 - 70/30. Moreover, in this invention, Pb, Ti, and the piezoelectric 
material containing elements other than Zr which have composition (0.060<=y<=0.065) of others 
[ PZT / above-mentioned ], Pb0.99Nb0.02[(Zr0.6 Sn0.4 )l-y Tiy]0.98O3 / for example, / etc., as a 
piezoelectric material which can be used as the 2nd layer can be used. In addition, although 
Pb0.99Nb0.02[(Zr0.6 Sn0.4 )l-y Tiy]0.98O3 (0.060<=y<=0.065) is the material of an antiferroelectric 
crystal, it does not interfere. In this case, on the voltage of 15V, since the phase transition from an 
antiferroelectric crystal to a ferroelectric happened, the discontinuous displacement property was shown, 
and the variation rate of about 0.8 micrometers occurred in 20V. When the voltage beyond 20V was 
impressed, the almost fixed variation rate could be generated, and dispersion in liquid discharge quantity 
was able to be lessened. Furthermore, the polycrystal thin film was also able to be made into the 
piezoelectric device which has stable liquid regurgitation capacity in the antiferroelectric-crystal thin 
film which has composition of Pb0.99Nb0.02[(Zr0.6 Sn0.4 )l-y Tiy]0.98O3 (0.060<=y<=0.065). 
[0097] In addition, drawing 1 1 shows an example of the single crystal substrate which this invention 
person etc. used in order to obtain a single orientation crystal or a single crystal PZT, a diaphragm, a 
buffer film, an electrode (piezoelectric film), and each material of the 1 st layer, and if the grid size of the 
material to combine does not separate 30% or more, it can obtain PZT of the single crystal of using, 
combining these suitably or (100) (111) orientation. 
[0098] 
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[Effect of the Invention] As explained above, according to this invention, the thin film formation 
methods, such as a spatter and CVD, are used. Have a perovskite structure, respectively and a 
piezoelectric film is made into the two-layer structure which consists of the 1st layer formed so that it 
might touch mutually, and the 2nd layer. PbTi03 which sets the 2nd layer to PZT which has Zr, and 
does not contain Zr for the 1st layer Or it is referred to as PLT. Or the interlayer whom Zr concentration 
increases in inclination is made to intervene between the 1st layer and the 2nd layer. The content of Zr 
compares the 1st layer with the content of Zr of the 2nd layer, or as a few layer By cooling quickly the 
between from the temperature at the time of thin film formation to at least 450 degrees C with the 
cooling rate 30 degrees C / more than min, using temperature at the time of the thin film formation as 
500 degrees C or more Since a single orientation crystal or a single crystal PZT can be formed and the 
piezoelectric film which has a thin and large piezoelectric constant as compared with the conventional 
example can be formed Micro processing of a piezoelectric film becomes possible, by the long picture, a 
liquid delivery can be formed with high density, and the fluid injection recording head which can be 
answered high-speed can be offered, and the manufacture method of a fluid injection recording head 
with the stable high reliability can be offered further. Therefore, an ink-jet recording device printable 
high-speed is realizable by high resolution by using this fluid injection recording head in which the 
liquid delivery was formed that it is small and with high density. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In recent years, it has spread simply [ printer / the printer using the ink-jet 
recording device as printers, such as a personal computer, has a good printing performance, and ] 
handling widely from the reasons of a low cost etc. This ink-jet recording device is made to generate air 
bubbles in record liquid, such as ink, with heat energy, and there are various methods, such as a thing 
which makes a drop breathe out by the pressure wave by the air bubbles, a thing which carries out 
suction **** of the drop by electrostatic force, and a thing which makes a drop breathe out using the 
pressure wave by vibrator like a piezoelectric device, in it. 

[0003] Generally, the thing using the piezoelectric device is equipped with the liquid delivery which was 
open for free passage in the pressure room which was open for free passage in for example, the record 
liquid supply room, and its pressure room, and the diaphragm to which the piezoelectric device was 
joined by the pressure room is prepared, and it is constituted. A drop is made to breathe out from a 
liquid delivery in such composition by making flexural oscillation cause and compressing the record 
liquid of the pressure interior of a room by impressing predetermined voltage to a piezoelectric device 
and making a piezoelectric device expand and contract. Although the ink JIETO recording device of the 
present color has spread, as for the improvement in the printing performance especially high-resolution- 
izing and high-speed printing, and the further, long picture-ization of a recording head is called for. 
Therefore, to realize high resolution and high-speed printing using the multi-nozzle head structure which 
turned the recording head minutely is tried. In order to make a recording head detailed, it is necessary to 
miniaturize the piezoelectric device for making record liquid breathe out. Furthermore, completing the 
whole process in the consistent semiconductor membrane formation process can offer the recording 
head of a long picture with a high precision by the low cost. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is the perspective diagram of the fluid injection recording head concerning this 
invention, (b) is a cross section fractured and shown along with the A-A line of (a), and (c) is the 
fragmentary sectional view expanding and showing the piezo-electric oscillating section in the fluid 
injection recording head concerning this invention. 

[Drawing 2] (a), (b), and (c) are the schematic diagrams for explaining the two-layer structure of the 
piezoelectric film in this invention, respectively. 

[Drawing 31 It is drawing showing the rate of orientation of the PZT film when changing the cooling 
rate at the time of forming the piezoelectric film of two-layer structure. 

[Drawing 4] It is drawing showing the rate of orientation of the PZT film when changing the cooling 
rate at the time of forming the piezoelectric film of two-layer structure. 

[Drawing 5] It is process drawing showing the main process roughly about the manufacture method of 
the fluid injection recording head of this invention. 

[Drawing 6] It is the rough cross section showing the relation between the piezoelectric film in the fluid 
injection recording head of this invention, and a pressure room. 

[Drawing 71 (a) And (b) is the rough cross section showing the relation of the piezoelectric film and 
diaphragm in the fluid injection recording head of this invention. 

[Drawing 81 It is process drawing showing the main process roughly about other manufacture methods 
of the fluid injection recording head of this invention. 

[Drawing 91 It is process drawing showing the main process roughly about the manufacture method of 
further others of the fluid injection recording head of this invention. 

[Drawing 10] It is process drawing showing the main process roughly about the manufacture method of 
further others of the fluid injection recording head of this invention. 

[Drawing 1 1] In this invention, in order to obtain a single crystal PZT, it is the table showing an 
example of the quality of the material which can be used as a substrate, a diaphragm, a buffer film, an 
electrode, and the 1st layer. 
[Description of Notations] 

1 Fluid Injection Recording Head 

2 Liquid Delivery 
2a Nozzle plate 

3 Pressure Room 

4 Piezoelectric Device 

5 Diaphragm 

6 This Soma 

7 Eight Electrode 

9 Piezoelectric Film 

10 Piezo-electric Oscillating Section 

1 1 (Piezoelectric Film) 1st Layer 
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12 (Piezoelectric Film) 2nd Layer 

20 Si Single Crystal Substrate 

21 YSZ (Diaphragm) 

22 Pt (Electrode) 

23 Piezoelectric Film 

24 PbTi03(lst Layer) 

25 PZT (2nd Layer) 

26 Pressure Room 

27 Nozzle Plate 

28 Liquid Delivery 

30 Si Single Crystal Substrate 

31 B Dope Layer (Diaphragm) 

32 Pt (Common Electrode) 

33 Piezoelectric Film 

34 PbTi03 (1st Layer) 

35 PZT (2nd Layer) 

36 Pressure Room 

37 Nozzle Plate 

38 Liquid Delivery 

40 MgO Substrate 

41 Pt (Electrode) 

42 PbTi03 (1st Layer) 

43 PZT (2nd Layer) 

44 Piezoelectric Film 

45 Si Substrate 

46 Ti (Diaphragm) 

47 Pressure Room 

48 Nozzle Plate 

49 Liquid Delivery 

50 MgO Substrate 

51 Pt (Electrode) 

52 PLT(lst Layer) 

53 PZT (2nd Layer) 

54 Piezoelectric Film 

55 Si Substrate 

56 Ti (Diaphragm) 

57 Pressure Room 

58 Nozzle Plate 

59 Liquid Delivery 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/21/2003 



Page 1 of 7 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




l 



(b> 




5* 

7 V 




5 



[Drawing 2] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



8/21/2003 



Page 2 of 7 



£«H9 



11 Hi*<PbTiO»tfcl*PLT) 



'/////////////. 



(b) 



HEWK9 



<*sssssssssssssssss$ 



7ZZZZZZZZZZZZZ 



12 »2»(PZT) 
/-ll *1* {ZrO>>fcv»PZT) 



(C) 




t^12 *2*<PZT) 

13 *MKZr<Ollr***> 
^•11 »l*(PbTlO»4fcttPLT) 



[Drawing 3] 





100 


80 


60 


30 


20 


10 




100% 


98% 


95% 


80% 


50% 


10% 






2% 


5% 


20% 


40% 


70% 


R 


R0% 


R0% 


R0% 


R0% 


R10% 


R20% 



MgO<100)/P*EJ:C. PbTIOs ^0.2^10^ P2T«:2.8 J u m&& 



[Drawing 6] 
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[Drawing 5] 
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